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GROUND PLAN OF A DYNAMIC METEOROLOGY 


By Hourp C. 
[Woods Hole Oceanographic Institution, Woods Hole, Mass., July 10, 1931] 


This is a peas of a discussion recently presented 
at a meeting of the New England branch of the American 
Meteorological Society held at the Massachusetts Insti- 
tute of Technology in Cambridge. : 

The discussion was based on T. Bergeron’s recent 
paper “Richtlinien einer dynamischen Klimatologie,”’ 
appearing in Meteorologische Zeitschrift for July, 1930. 

his discussion is not limited strictly to the contents of 
Bergeron’s paper, therefore statements made here are to 
be attributed directly to Bergeron only when that is 
specifically stated. 

Bergeron’s excellent effort toward a rationalization of 
the fundamental facts of climatology is particularly 
significant in two respects: (1) He has suggested a new 
and promising method of approach to the whole problem 
of the representation and explanation of climate, and 
(2) he offers for the first time practical suggestions as to 
how to introduce into statistical climatology some of the 
concepts, in modified form, which in recent years have 
been developed in connection with the analysis of synoptic 
weather maps. 

Bergeron’s main thesis may be stated somewhat as 
follows: Hitherto climatology has been essentially the 
systematic compiling of statistics on the individual 
meteorological clements, without much organized attempt 
to get at the underlying dynamic or thermodynamic 
phenomena in their entirety. We have complete charts 
of the distribution of atmospheric pressure, rainfall, 
_ temperature, wind, cloudiness, etc., but usually very little 
idea of just how the distributions of these elements tie 
up with one another, or just what sort oi atmospheric 
activity, in toto, is behind these observed distributions. 
Bergeron points out, however, that this is by no means 
always the case. For example, in the more regular 
circulations of the subtropics, such as the trade wind 
systems, it is possible even from our present types of 
climatological charts to draw conclusions as to the 
thermodynamic basis of the observed atmospheric activity. 
Especial y clearly marked are the more effective orogra- 
phical influences in such regions. The more regular 
monsoon systems furnish another instance of a type of 
circulation which so definitely controls the climate of 
certain regions that it may be described completely in 
terms of a single atmospheric phenomenon. The best 
illustration of this is the Indian monsoon, where the under- 
lying thermodynamic process is so well understood that 
itis necessary only to characterize a given paren as one 
of weak or strong monsoonal activity in order to convey 


& comprehensive picture of the climate or climatic changes 
uring the time in question. Here again orographical 
effects are readily recognized. But in general over the 
greater part of the temperate and northerly latitudes 
atology offers no unifying picture of the prime 
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thermodynamic forces controlling the climate. This is 
what a dynamic climatology should do. Therefore 
Bergeron undertakes to show how the concepts of air 
masses and fronts may be modified to furnish a key to 
the development of a comprehensive dynamic climatology. 

If we look at almost any synoptic chart which covers 
a considerable area on the earth’s surface, one of the 
things that stands out most strikingly is the existence of 
large scale air currents or large bodies of air at rest in 
which the meteorological elements are distinctly uniform 
in their horizontal distribution. Such extensive bodies 
of air which approximate a state of horizontal homogen- 
eity in their properties we refer to as air masses. Their 
occurrence is due essentially to two facts. These are 
(1) the existence of extensive sources, or regions on the 
earth’s surface where conditions are so uniform that the 
overlying atmosphere acquires horizontal homogeneity 
in its properties. Examples of such sources are the 
Arctic ice fields, snow-covered northerly continents in 
winter, the warm subtropical oceans, and continents, 
especially southerly or semiarid regions in summer; 
(2) the occurrence in the general circulation between 
subtropical and subpolar regions of large scale atmos- 
pheric movements. This makes possible large displace- 
ments of air masses from their sources with a considerable 
degree of conservation of certain of their characteristic 

roperties, rather than the rapid turbulent mixing and 
oss of air mass characteristics which would occur if the 
latitudinal transport of air took place in small, disordered 
currents instead of in the large branches observed in 
such circulations. 

Evidently if the existence of air masses of more or less 
definite characteristic properties be accepted, then their 
classification according to their characteristic properties 
and their detection on the synoptic chart become a 
material aid to weather forecasting. Bergeron has 
indicated further a classification of air masses which may 
be made a. material aid to the understanding of climate. 
According to him there are two distinct methods of 
PrREeaUEE in classifying air masses, each with its particu- 
ar advantages. 

(1) The antegral method.—This method consists in 
picking out the most conservative or nonvariable pro- 
perties of an air mass, such as the potential temperature 
or specific humidity, and using the characteristic sea- 
sonal values of these quantities for the classification and 
identification of the air masses appearing on the synoptic 
chart for a given region. Since the characteristic values 
of these conservative properties of air masses depend 
upon both the properties of the mass at its source and 
the sum total (integral) of the modifying influences to 
which the mass has been subjected in following its path 
from the source, it is evident that this method of classi- 
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fication can be used to advantage only at stations where 
a series of carefully analyzed synoptic charts based on 
observational material from a considerable area are 
prepared, for the complete life history of the air mass 
must be known. This follows from the fact that it is 
possible for two quite different air masses which have 
followed widely separated trajectories to arrive at the 
same point with approximate similarity of their conserva- 
tive properties at the ground, yet with very significant 
differences in their vertical structure. At a forecast 
center where observational material from a wide network 
of stations is at hand, this system of air-mass classification 
is most advantageous, because the characteristic air 
masses for any given locality depend definitely upon the 
usual air mass sources and trajectories in that region. 
When the forecaster becomes familiar with these, he 
knows in detail the characteristics and therefore the 
type of weather to be expected locally with each particu- 
lar air mass. On the other hand, because air masses 
classified in this way are essentially particular rather 
than general in nature, i. e., are dependent on local or 
regional geography, they are useless to the climatologist, 
who must have a perfectly general classification applic- 
able anywhere on the earth’s surface. 

(2) The differential method—This method consists in 
picking out the most variable or non-conservative proper- 
ties of the air mass, in particular the lapse rate at lower 
levels and making the changes (differences) in the air 
mass properties effected by its most recent history, as 
indicated by the lapse rate, the basis for the air mass 
classification. On this principle all air masses may be 
grouped in the following four perfectly general classes: 

(a) Warm: Air masses warmer than the surfaces over 
which they are moving, hence with a tendency toward 
increasing stability and stratification. 

(6) Cold: Air masses colder than the surfaces over 
which they are moving, hence with a tendency toward 
increasing lapse rate and specific humidity. 

(c) Indifferent: Air masses at the same temperature 
as the surfaces above which they occur. 

(7) Unknown: Air masses whose temperatures rela- 
tive to the underlying surfaces are unknown. 

Classes (a) and (b) are the really important ones for 
this discussion; (c) applies primarily to air masses at 
their sources, or at least only to stagnant synoptic situa- 
tions; (d) is of little significance, for as we shall see 
presently the properties of warm and cold masses are so 
distinctive that an experienced observer can readily 
detect them without the aid of any instrumental obser- 
vations. 

Although this classification of air masses might not be 
of as much assistance to the weather forecaster as the 
first method outlined above, it has the following definite 
advantages, in particular for the climatologist: 

(1) It is perfectly general, applying equally well in 
polar and equatorial regions. It must be emphasized that 
the warm and cold designations indicate nothing about the 
actual temperature of the air mass itself, but only its 
temperature relative to the underlying surface. In fact, 
it is readily seen that cold air masses will tend to predom- 
inate at low latitudes, warm air masses at high latitudes. 
Furthermore, the transition from a warm to a cold or a 
cold to a warm air mass can take place very suddenly, and 
is especially likely to happen in summer and winter with 
the movement of air from land to water or vice versa. 
It will be found that such a change is followed by a very 
rapid adjustment of the characteristic properties of each 
mass, as outlined below, to those required for its new 
classification, at least at lower levels. A variable life 
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history of the mass will be indicated by variable charac- 
teristics at different levels, the older influences appearing 
at the upper levels. 

(2) The detection of the warm and cold mass differences 
is so easy to make that an experienced observer can usu- 
ally classify the prevailing type of air mass without the 
aid of instruments or synoptic chart. The properties to 
be noted and the differences characteristic of warm and 
cold masses, according to Bergeron may be summed up 
briefly as follows: 

(a) Lapse rate: The cold mass will have a steep lapse 
rate (equal to or greater than the saturation adiabatic), 
and the warm mass a stable lapse rate, probably well- 
marked stratification, and often even inversions in the 
actual temperature lapse rate. Although the direct 
measurement of the lapse rate requires instrumental 
observations at the ground and in the free air, a reliable 
qualitative estimate of the steepness of the lapse rate may 
be made by direct observation of properties (6), (c), (d), 
and (e) below. 

(b) Turbulence: Because atmospheric stability tends to 
damp out the eddy energy of mechanical turbulence and 
to prevent convective turbulence, it follows that the winds 
in warm air masses are much less gusty than in cold masses. 
This difference is so marked that it is readily detectable 
by any trained observer, and is quite striking in ane- 
mograph records. Bergeron has found in one clearly 
marked transition from a typical warm mass to a typical 
cold mass that although the prevailing wind velocity was 
reduced by one-half, the absolute magnitude of the varia- 
tions in wind velocity due to gustiness remained practi- 
cally unchanged. 

(c) Horizontal visibility: Since a steep lapse rate 
favors convective turbulence and the upward spread of 
mechanical turbulence, it tends to effect a uniform dis- 
tribution throughout the atmosphere of both moisture 
and the solid impurities, dust, and smoke. Therefore in 
warm air masses the obscuring dust and smoke are kept 
at low levels, particularly below any marked inversions. 
Consequently inversions result in haze and smoke layers 
sharply bounded at their upper edge. And in general, in 
warm masses visibilities are markedly poor at low levels, 
markedly good at upper levels, whereas in cold masses 
just the reverse is true. 

(d) Cloud forms: The effect of dust on horizontal 
visibilities in warm and cold air masses is accentuated 
by the typical condensation forms. Since the same dis- 
tribution of water vapor as of dry dust is typical of 
warm and cold air masses, it follows that in warm-air 
masses condensation tends to take place at low levels, 
resulting characteristically in either surface fog or a low 
thick stratus deck. In cold-air masses, on the other 
hand, the moisture is carried up to cooler levels by con- 
vective turbulence, the condensation occurring aloft as. 
cumulus or cumulo-nimbus clouds, usually only a broken 
cloud with excellent visibilities below. 

(e) Precipitation forms: Evidently the typical form of 
precipitation in the warm-air mass, if any occurs, will be 
of the mist or drizzle type, from a low stratus or nimbus, 
and rather small in amount. In the cold-air mass the 
typical form will be the instability shower, of short 
duration, but frequently heavy. Hail and thunder- 
storms will belong to this type. All the typical warm and 
cold air mass characteristic condensation forms will be 
more in evidence and more nearly complete in the case 
of maritime than of continental air masses, due to the 

eater moisture content of the former. The differences 
in precipitation forms in these two air masses become 
particularly significant in the case of steady air movement 
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on a high coast line or against any marked orographical 
barrier. In the case of the stable warm-air mass the 
tendency is to a continued stratified air flow which will 
resist vertical displacement and seek the easiest way 
around rather than over the obstacle. Hence the warm 
air drizzle rain is comparatively little intensified by oro- 
graphical influences. On the other hand, in the unstable 
or conditionally unstable cold mass such an obstacle 
furnishes just the needed initial impulse to start extensive 
overturning of the atmosphere. Therefore, on the wind- 
ward side of orographical barriers the cold-air mass may 
be expected to deposit copious precipitation in an almost 
unbroken sequence of heavy showers. 

From the above considerations it is evident to what a 
large extent the commonly observed meteorological 
elements, visibility, gustiness, cloud forms, and type and 
amount of precipitation depend upon the prevalence of 
the warm or cold air mass type. And since climate is 
only the integral over a period of time of the daily 
weather, it is obvious that the predominance of one or 
the other of these air mass types will be a controlling 
factor in the climate, and will in itself serve to a consider- 
able degree to classify and explain the climate. There- 
fore Bergeron concludes that the first thing to be done to 
develop a dynamic climatology is to record regularly by 
direct observation the prevailing air mass type at all 
stations whose records are to be used for climatological 
purposes, just as is done with any meteorological element. 
A trained observer could do this with little difficulty. 

But this is only half the picture. It remains to take 
into account the irregular variations that go with migra- 
tory cyclones and anticyclones, and these tie up with the 

roblem of the genesis and displacement of fronts. 
Ouite as important as the characteristic weather pheno- 
mena belonging to each of the air mass types, are the 
henomena which occur at the boundaries or fronts 
etween air masses. Charts showing the mean pressure 
distribution over the northern or southern hemisphere 
for a given month, or maps of the prevailing winds such 
as those of Képpen, indicate clearly the tendency to the 
existence of more or less permanent regions of seasonal 
high and low pressure which dominate the mean air 
movement over the greater portion of the earth’s surface. 
Such semipermanent areas of high and low pressure are 
sometimes referred to as ‘centers of action’’, for they 
are the fundamental thermodynamic units controlling 
the general circulation. ‘Their essential cause is found in 
the thermal differences existing in the troposphere over 
“nm areas following the establishment of convective or 
radiation equilibrium in response to differences in the 
earth’s surface. Examples of well-marked centers of 
action are the Aleutian and Icelandic lows and the north 
continental highs in winter, and the Azores and Pacific 
highs which are best developed in summer. It is the 
existence of these centers of action that is responsible for 
the large branches in the general circulation which enable 
us to speak of extensive air masses with characteristic 
roperties. A chart of prevailing winds will show 
urthermore that there are certain regions where air 
currents or air masses of widely different origin and 
properties tend to be brought into more or less direct 
opposition. Such opposing trends in the movement of 
air masses of northerly and southerly origin evidently 
tend to greatly intensify, locally, the normal poleward 
temperature gradient, that is, they constitute a region of 
marked front formation, or what Bergeron calls fronto- 
genesis. Correspondingly there are also regions of 
marked divergence or dissipation of the horizontal 
temperature differences, a process which Bergeron calls 
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frontolysis. These two processes are particularly im- 
portant because they largely determine the activity of 
the migratory cyclones and anticyclones. It must be 
emphasized, however, that on any particular occasion 
the actual position of the front between two characteristic 
branches of the general circulation may be very far 
removed from the mean position as indicated by the line 
of convergence of the wind systems on the mean wind 
charts. On the other hand, if we designate the mean 
position of such a region of frontogenesis as a climatic 
front, then we can say that such a climatic front will be a 
region of maximum frequency of migratory cyclones. 


Such a region which will be characterized in its climate 


by a maximum frequency of warm, cold, and occluded 


front tree with their attendant cloud systems and 
a 


typical rain belts, and a maximum frequency of change 
of the prevailing air mass type. Bergeron has repre- 
sented, on the basis of Képpen’s mean wind charts for 
the northern hemisphere in January and July, respec- 
tively, the winter and summer positions of the principal 
climatic fronts on the northern hemisphere, and shows in 
general how the resultant scheme fits the observed facts. 
He distinguishes between the arctic, the polar, and the 
tropical fronts. The arctic fronts are the most northerly, 
the air masses to the north coming directly from the 
arctic. On the polar fronts of middle latitudes we find 
the contrast to be essentially that between the subpolar 
and the subtropical air masses. On both of these fronts 
there are large temperature differences. Therefore the 
arctic and polar fronts are characteristically regions 
favorable to the genesis and maintenance of extra tropical 
migratory cyclones, with all the weather sequences which 
that implies. The tropical fronts, on the other hand, are 
distinctly different. They represent essentially con- 
vergence of subtropical and tropical air masses, whose 
temperature differences are characteristically small. 
They are primarily regions of light variable winds between 
the prevailing wind systems of the subtropics and tropics, 


such as the doldrums. Hence they are characterized by 


oppressive heat and over the oceans by high humidity, 
heavy instability showers, and under favorable conditions 
even by tropical hurricanes, but not by clearly marked 
front passages or typical warm and cold front rain belts. 

Obviously the climate at any place depends on the 
prevailing air mass type, and the frequency of front pas- 
sages, i. e., nearness of the climatic fronts. Both of 
these in turn depend upon the position, extent, and ac- 
tivity of the different centers of action. Therefore the 
fundamental problem of a dynamic climatology which 
aims to present the underlying dynamic and thermody- 
namic phenomena of the atmosphere in their entirety is 
to account completely for the mean activity of the centers 
of action. The first step toward the solution of this 
problem is the development of some satisfactory method 
of representing the state of activity of the centers of 
action, in order that normal and abnormal conditions 
may be clearly represented and recognized. For this 
purpose Bergeron used Képpen’s mean wind charts as 
the best means at hand for a preliminary study. 

An understanding of the dynamic and thermodynamic 
factors controlling the cénters of action will explain not 
only the mean activity of these atmospheric phenomena 
(climate), but also variations in and departures from this 
mean activity. The shortest and most irregular of these 
changes we refer to as changes in the weather. For 
instance, Bergeron shows, in accordance with Képpen’s 
mean wind chart for January, that for this month in the 
eastern United States the climatological front (polar) 
between the cold continental air masses of the North 
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American winter anticyclone and the warm maritime air 
masses belonging to the circulation of the Bermuda high 
(westward extension of the Azores high) extends from 
southern Florida northeastward to the vicinity of Ber- 
muda and on into the north Atlantic. Thus Képpen in- 
dicates prevailing northwest winds on the north Atlantic 
and northeast on the south Atlantic coast. On the other 
hand, we know that this front, even in winter, may be 
displaced northward as far as to the Canadian border, 
and again far, southward until lost in the trade winds as 
the successive warm and cold outbreaks belonging to the 
two circulations advance and recede. Always the cy- 
clones tend to develop and move along the front as it is 
displaced. Such changes as these constitute weather, 
sat have no place properly in a discussion of climate. 
Yet in the aggregate they determine climate, and as we 
shall see presently, no hard and fast line can be drawn 
between weather and climate, either in definition or in 
the controlling factors. 

Besides the irregular variations of a few days or weeks 
which constitute what we call the weather, there have 
long been observed, statistically, anomalies of the various 
meteorological elements of months and even years, some 
of which recur with a certain degree of regularity. Such 
anomalies will usually be found associated with some 
abnormality in activity or position of one of the centers of 
action. Whether variations such as these will be classed 
as climatic changes or not depends entirely on the arbi- 
trary choice of the period of time which shall be consid- 
ered sufficient to determine a climate. Yet we know that 
even if centuries are used in establishing climatic means, 
still changes of climate take place. There occur meteor- 
ological anomalies of every length from a few days to 
thousands of years, and of every degree of irregularity, 
yet they are all apparently associated with the same 
sort of abnormalites in the centers of action, whatever the 
underlying causes. Hence it becomes evident that in 
climatology, as well as in the study of the daily weather, 
it is necessary to consider not only mean or normal condi- 
tions, but also the disturbing factors. 

A good instance of an anomaly lasting a few months is 
that of the drought which reached its peak in the eastern 
United States during the summer and autumn of 1930. 
During that time the Bermuda high was unusually well 
developed to the westward, therefore, persistently pre- 
dominant in the circulation of the southeastern United 
States, so that the polar front, or cyclone path, was dis- 
placed northward from its normal position. As a conse- 
quence the normal cyclonic or frontal rain was largely 
missing in the eastern United States, and this in turn 
lessened the evaporation from the earth’s surface which 
probably is the source of the greater part of the moisture 
of summer showers and thunderstorms. There are many 
well known more or less irregularly periodic displacements 
of this sort of considerably longer duration. Probably 
the best known and most studied of these longer period 
displacements of the climatic fronts are those connected 
with the 1l-year sun spot cycles. As to the reality of 
many of these changes there is not the slightest doubt, 
but in the dynamic or thermodynamic explanation of them 
not even a beginning has been made. Some of the fac- 
tors, which have been suggested as of importance in the 
control of climate and climatic changes (see Humphrey’s 
Physics of the Air, Pt. V), may be listed as follows: 

(1) Radiation —(a) Solar: Variations in the solar con- 
stant, such as those belonging to the 11-year sunspot cycle 
and possibly others of longer or shorter duration. 

(6) Atmospheric: Changes in the atmospheric com- 
position (especially the amounts of water vapor, ozone, or 
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carbon dioxide) or of its content of impurities which 
reflect or scatter solar radiation (especially volcanic dust). 

(2) Changes in the earth’s surface—(a) Glaciation: 
This favors both by radiation and reflection further cool- 
ing of the overlying atmosphere and the strengthening 
of local anticyclonic circulation. 

(b) Desiccation: Increasing aridness over a portion of 
the earth renders that region one of greater extremes in 
climate. 

(c) Distribution of land and water: Changes in the 
position or ratio of land and water areas must affect the 
nature of the general circulation profoundly, for they 
seem principally to determine the centers of action. 
Furthermore, orographical changes may greatly affect 
the atmospheric circulation and climate, while the influ- 
ence of similar changes in submarine orography on the 
oceanic currents may have an equally far-reaching effect 
on climate. 

(d) Ocean surface temperatures: Anomalies in ocean 
surface temperatures and currents much like those in the 
atmosphere are generally recognized phenomena. These 
may in part be caused by atmospheric irregularities, but 
certainly there are also independent factors involved. 
These must be taken into account especially in explaining 
the short period atmospheric anomalies. It is very diffi- 
cult to distinguish between cause and effect in atmos- 
pheric-oceanic interactions. 

(3) Persistent tendencies in the circulation of the sub- 
stratosphere.—It has been shown analytically and statis- 
tically that for short period surface pressure variations 
the warm and cold air currents of the substratosphere 
(actually warm and cold here, not relative to the surface) 
play an important réle. Even important irregular change 
in the greater centers of action are frequently explained 
in this way. Clearly then, whatever the dynamic and 
thermodynamic controls of the circulation at: the base 
of the stratosphere, persistent or variable tendencies in 
the circulation® here will have corresponding secondary 
effects at the earth’s surface. 

It is scarcely necessary to point out how fundamental 
for the problem of long range weather forecasting is the 
development of a comprehensive dynamic meteorology 
in the sense outlined in this paper. In fact, the two 

roblems are identical, for such a dynamic climatology 
is nothing other than the physical basis of long-range 
forecasting. At present there are numerous schools of 
thought which have been developed in connection with 
this problem, each based on only one or two of the above- 
mentioned factors of climatic control, and usually 
mutually exclusive and even antagonistic. Furthermore 
they are entirely empirical, based on experience or corre- 
lations and utterly lacking in any attempt at dynamic 
explanations. A dynamic climatology that can finally 
explain the intensity and displacements of the centers 
of action and of the climatic fronts will make possible the 
forecasting over considerable periods not only of the 
cyclonic activity and frontal rain, but also of the prevail- 
ing air mass types with all the attendant weather pheno- 
mena. 

To sum up, we might say that if a dynamic climatology 
is to aim at a presentation of the several complete ther- 
modynamic units controlling the climate of a region rather 
than the unrelated distribution of the individual meteoro- 
soca) elements, it should be developed somewhat. as 
follows: 

(1) Some method of representing the position, horizon- 
tal extent, and degree of activity of the different centers 
of action should be chosen, so that mean values and long- 
period departures from the means may be found and 
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studied. For this doesn Bergeron has made use of 
K6éppen’s mean wind charts as the best available criterion. 

(2) Mean positions and long-period departures from 
the mean positions of the climatic fronts must be noted. 
Explanation of departures from the normal position of 
such zones, i. é., displastinent of the belts of maximum 
storminess, or cyclone paths, must be looked for in the 
dynamic or thermodynamic factors (see list above) con- 
trolling the particular center of action whose displace- 
ment or changed activity is responsible for the displace- 
ment of the climatic front. 
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(3) Finally there is required the systematic observa- 
tion of the frequency of occurrence of warm and cold 
air masses at each station, and the relation of all the 
meteorological elements, especially the hydrometeors, 
to the prevailing air mass type. The frequency of change 
from one air mass to another should give in temperature 
regions a measure of the proximity and activity of the 
climatic front, and an indication of the contribution of 
active front passages to the climate of the region, particu- 
larly the precipitation and cloudiness. 


WINDSTORM IN THE LOS ANGELES AREA NOVEMBER 22, 1930, AND SOME EFFECTS 
OF WIND FLOW IN A MOUNTAINOUS REGION 
By Grores M. FRENcH 
[Weather Bureau Office, Los Angeles, Calif., July, 1931] 


Near midnight of November 21, 1930, one of the strong- 
est winds of record began in the Los Angeles area and 
continued until about midnight of November 22. Winds 
aloft and on the surface were from the northeast except 
where they were deflected by topography. 

Following the passage of a low over the southern portion 
of the western plateau region on November 18, 1930, a 
high pressure area moved in rapidly from the Pacific 
Ocean over the Northwestern States and when reaching 
the plateau region became almost stationary as is common 
in that region especially during the early winter months. 
This high built up rapidly being reinforced by additional 
ocean highs and as shown on the 8 p. m. synoptic chart of 
November 21, it was central over fiske: eastern Oregon, 


and western Montana with a pressure of 30.82 inches.. 


The pressure gradient had by this time become quite 
steep between the plateau and the coastal valleys of 
California and the high was still increasing in energy. 

The influence of this high was little felt in southern 
California as far as either surface winds or those aloft were 
concerned during the day of November 21, 1930, but a 
little before midnight on that date surface winds increased 
rapidly and became strong with frequent gusts of gale 
force. The next morning, November 22, the synoptic 
chart showed the high central in Idaho and northwestern 
Wyoming with the highest reading at Yellowstone, 31.02 
inches, reduced to sea level. - 

Three hourly airway weather maps of California ‘for 
11 a, m., 2 p. m., and 5 p. m., eastern standard time, are 
shown by figures 1, 2, and 3. As the map is on quite a 
large scale, isobars are drawn for every 0.05 inch difference 
in pressure. These maps show the steep gradient that 
prevailed over the mountains on November 22 and the 
relatively low pressure on the lee side of the mountains, 
which is largely due to the strength of the wind. 

From experience the writer believes that under ordinary 
pressure gradients, mountains as high and as precipituous 
as the San Gabriel Range act as a teaion to north winds 
in the Los Angeles area. In such cases high winds pro- 
ceed southward over the mountains and remain aloft, grad- 
ually lowering and reaching the surface in the vicinity of 
the ocean shore line or farther out, leaving the Los 
Angeles area in light to moderate variable winds. How- 
ever, in such cases the wind pours through the low points 
in the mountains, as for example Cajon Pass, and fre- 

uently proceeds southward at gale force through Santa 
a Canyon in the Santa Ana Mountains and thence 
southward to the ocean, thus producing the ‘Santa Ana”’ 
as the wind of this type has been popularly called in 
southern California. I once had the opportunit; fi 
eak. 


Observe such a wind from the top of Santiago 


The course of this rapidly moving air was easily traceable 
Mf the dust and could be followed in that manner from 

5 Pass to the ocean. 

t appears, by study of winds in the Los Angeles area, 
that if the gradient is quite steep between the plateau high 
and the coastal area that high northerly winds in passing 
over the mountains will not only reach the surface in lee 
of low passes but will also follow the contour of the lee side 
of the high mountains and in that case high northerly 
winds are general over the whole Los Angeles area as was 
the case on November 22, 1930. 

There were three points in and near Los Angeles where 
wind instruments were located at the time of the storm. 
They were located as follows: Weather Bureau office, Los 
Angeles; airport at Alhambra, and the Weather Bureau 
airport station, Glendale. The writer was located at the 
latter point. The strength and duration of the wind was 
quite similar at Glendale and Alhambra but the velocities 
were lighter and the duration much shorter at the 
Weather Bureau office, Los Angeles, a condition that 
frequently prevails in times of high northerly winds. The 
Weather Bureau office in Los Angeles is remarkably free 
from high northerly winds although the exposure is 
excellent. 

The high winds at Glendale had two maximum periods 
on the surface, 2 to 4 a. m. and 12:30 to 4 p. m., with gusts 
in excess of 60 miles per hour during the latter period. 
As far as could be ascertained, the highest winds aloft 
occurred near the middle of the forenoon. 

The first upper air observation on the day of the winc 
storm was attempted at 3 a. m. but with several attempts 
only 3 minutes were secured due to dust. Shortly before 
9 a. m. upper air observations were again attempted anc 
after several trials one was secured of nine minutes wit! 
an indicated altitude of 5,600 feet. In each of the 
attempts the balloon moved southwestward rapidly in the 
beginning then was retarded at approximately the sam 
length of time after release and then would again move 
out much more rapidly than before. The first attempts 
were lost soon after reaching the second high velocity 
either due to dust or to the vibration of the theodolite. 

In Figure 4 a cross section of the mountains and valley 
north and south and passing through the airport statior 
at Glendale is represented. Wind flow over the moun- 
tains and valleys is represented by arrows flying with the 
wind giving my idea of both the nature of the flow ove 
the mountains and the relative speed. The relative speed 
is indicated by the length of the arrows, longer arrows rep: - 
resenting greater speed. This is based on available data 
and the general knowledge that I have gained mostly in the 
aerological work of wind flow over a mountain range. 
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During the wind storm occasionally the wind would 
suddenly shift at the Glendale station to south or south- 
west and blow nearly as hard from that direction as it had 
from the northeast, reaching extremes of 50 miles per hour 
or more. This is believed to be the result of vertical 
eddies as represented in Figure 5. This reversing of the 
wind also occurred at Alhambra but was little noticed 
at the Weather Bureau office in Los Angeles, which point 
is farther removed from the mountains. 

Flying was discouraged as far as possible in all our 
contacts with pilots both as to conditions aloft and espe- 
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FiGuRE 4.—Cross section showing the cortour cf the land from a point near the top of 
Sister Elsie Peak, in the San Gabriel Mountains, southwestward through the Verdugo 
Mountains and Weather Bureau Airport station in the San Fernando Valley, thence 
through the Hollywood hills near Cahuenga Peak. Arrows indicate the wind flow 
eotered to have prevailed during the greater portion of the wind storm of November 

cially on account of bad wind conditions for landing or 
taking-off. 

Nearly all the scheduled flights were canceled, but four 
known flights were made. One scheduled flight was 
accomplished from Salt Lake City to Los Angeles which 
was made in 4 hours and 15 minutes as compared with 
7 hours and 15 minutes scheduled time. Another flight 
was attempted from Los Angeles to San Francisco. 
The pilot came into our office after the attempt and 
said that he went up to 8,000 feet to avoid extreme bumpi- 
ness and was making an air speed of 110 miles per hour. 


40000 
SW 
MILES 
° 2 
8000 
> 
— 


Figure 5.—Cross section showing the coatour of the land from a point near the top of 
Sister Elsie Peak, in the San Gabriel Mountains, sonthwestward through the Verdugo 
Mountains and Weather Bureau Airport station in the San Fernando Valley, thence 
through the Hollywood hills near Cahuenga Peak. Arrows indicate wind flow be- 
lieved to have taken place over this contour on November 22, 1930, showing vertical 
currents in the lee of the higher hills 


He noticed that he was making very little if any headway 
and he sighted on a water tank below him and found 
that he was not only making no headway forward but 
was being carried slowly to one side. He immediately 
landed at Glendale and: found landing ‘conditions very 
dangerous. 

Our upper air observation at 9 a. m. was taken shortly 
after the attempted flight described above. The follow- 
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ing velocities were indicated from the data obtained from 
the pilot balloon flight (altitudes in feet and wind speeds 


in miles per hour): 


Surface, NNE. 19. 
700 feet, NE. 34. 

1,400 feet, NE. 51. 
2,050 feet, NE. 57. 
2,650 feet, NE. 47. 


3,200 feet, NNE. 21. 
3,800 feet, NNE. 36. 
4,400 feet, NE. 102. 
5,000 feet, NE. 168. 
5,600 feet, NE. 186. 


This observation is also plotted on Figure 6 for direc- 
tion and velocity with elevation in meters and velocity 
in meters per second. 

Again referring to Figure 4 it was found that by com- 
paring distance out of the balloon with the distance of 
the Hollywood hills from the airport station that the 
balloon would have reached the area of rising currents 
and diminished velocity on the windward side at about 
the time the run showed a sharp decline in velocity. 
I believe it is therefore safe to assume that the apparent 
decrease in velocity was partly due to retarded wind move- 
ment and partly to rising currents which would indicate 
a lighter velocity according to our method of determining 
winds aloft. 

The diminished wind velocity on the upper air obser- 
vation was immediately followed by a rapid increase in 
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FIGURE 6.—Piloi balloon flight at Glendale, Calif., 9:23 a. m., November 22, 1930 


velocity which also conforms with Figure 4, as it is be- 
lieved that the balloon was then entering the increased 
wind velocity indicated on the lee side of the Hollywood 
hills and in addition there was a downward movement to 
the air giving a lower elevation angle than should have 
been recorded which in turn indicates a velocity greater 
than what: actually existed. Winds undoubtedly oc- 
curred, however, of 110 miles per hour or more as evi- 
denced by one aviator’s experience. 

In most cases where strong winds bring continental air 
into this region, with the exception of cases where pre- 
cipitation has occurred just previously, very dry and 
clear weather prevails. However, in this case there was 
sufficient moisture in the continental air that the forced 
convection over the mountains formed storm clouds all 
along the north slope of the San Gabriel and San Bernar- 
dino Mountains and blizzards prevailed in that region. 
The clouds dissipated rapidly on the lee side and the 
air was relatively dry at Glendale. This storm condition 
subsided as soon as winds aloft had materially decreased. 

Considerable damage was done during the storm. 
trimotored plane was torn from its anchorage during 
the early morning hours at the Grand Central Airport, 
Glendale, and was rolled by the wind about half a mile 
across the field and left upside down at the opposite end. 
The plane was so badly damaged that it could not be 
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repaired. Other damage, such as small buildings de- 
molished, occurred on the field. In other parts of the 
city telegraph poles, trees, small buildings, and roofs 
were either damaged or blown down, and a few people 
lost their lives by being hit by falling objects. 

It is my belief in studying this storm and the available 
data in connection with other local and general winds 
in this area that moderately strong winds will generally 
flow over a mountain having gentle sloping sides, espe- 
cially if the mountains is not very high, in much the same 
manner as the flow of air that moves over the cambered 
surface of an airplane wing, the result being reduced 
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pressure! and increased velocity of wind in lee of the 


highest point. In such cases, I believe that a high pre- 
cipitous mountain will act as a barrier and the wind will 
not descend directly down the leeward side but reduced 
pressure will occur on the lee side as in the other case. 
When very high winds prevail, I believe that they will 
often descend the leeward side even of high precipitous 
mountains, but the flow will be variable and great tur- 
bulence prevail. 


1 Detailed airway weather maps for California at times showed peculiar pressure dis- 
tributions which seemed to be out of harmony with the rest of the map. Mr. D. M. Little 
first drew these pecularities to my attention and pointed out that it was due to the 
compressing of air on the windward slopes of mountains and the expansion on the lee- 
ward side as a result of the general wind flow over the region. 


TORNADOES JUNE 24, 1930 


By Aurrep OLIVER 


Tuesday evening, June 24, 1930, a series of tornadoes 
began in Lincoln County, Nebr., swept southeastward 
across Dawson County, and ended in Phelps County, 
leaving behind them a path of destruction 70 miles long 
and varying in widths from a quarter of a mile to 2 
miles. (Fig. 1.) The storm was first observed about 3 
p. m., struck its first blow about 5:30 p. m., and was over 
by 8 p. m. 

The weather map for Tuesday morning, Figure 2, 
shows that almost the entire United States west of the 
Mississippi was covered by an area of low pressure. 
Over most of this area the variations in pressure did not 
exceed two-tenths of an inch, the extremes being 29.7 
and 29.9 inches. Thus the barometric gradient over the 
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FIGure 1 


entire western part of the country was very slight. 
These conditions are typical of those which produce the 
common thunderstorm of this country. A HIGH, with 
a pressure of 30.1 inches, was centered over western 
Oregon; another, with a pressure of 30 inches, existed 
over southern Louisiana. (See figs. 2 and 3.) 

The tornadoes occurred between 5 p. m. and 8 p. m. 
In some cases coincident with them, but generally some- 
what later, violent thunderstorms, accompanied by strong 
winds, occurred at several points in Nebraska, north, 
south, and east of the tornado belt, but there was no 
general storm over the State. That tornado conditions 
seem to have started developing west of North Platte is 
indicated by reports of violent agitation of the clouds 
15 miles west of there. These clouds moved eastward 
along the Platte Valley. At North Platte two clouds 
appeared to unite, one coming from the west, the other 
seeming to materialize out of the air overhead. Both 


were rolling and tumbling and boiled upward as they came 
together. The new cloud continued southeastward about 
14 miles toward Boxelder Canyon, becoming darker, more 
agitated, and continuously more threatening. Behind — 
this cloud was the thunderstorm which brought the rain 
and hail, a not unusual condition under such circum- 
stances. 

The location of North Platte in the formative area of 
the tornado makes the weather observations there 
especially significant. In this connection it should be 
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FIGURE 2 


remembered that the storm was forming from 3 p. m. to 
5:30 p. m. and was over by 8 p.m. A heavy thunder- 
storm prevailed at North Platte’ from 3:55 p. m. to 
5:45 p. m., with a rain lasting until 4:29 p. m., then a 
heavy hail for 15 minutes, and then rain again until 
4:57 p. m. The rainfall for the afternoon was 0.32 
inches. Hailstones 2 inches in diameter were picked up, 
consisting of from 75 to 100 ice pellets frozen together. 
A continuous roaring, as of trains passing through a 
tunnel, was heard before and after the rain and hail. 
The barometer fell steadily from 26.98 inches at noon to 
26.85 inches at 7 p.m. The temperature dropped from 


tion concerning conditions at North Platte was supplied by Mr. 
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86° at noon to 70° at 5 p. m., rose to 77° at 7 p. m., and 
then began the normal nightly decline. The humidity 
was slightly above normal at.7 a. m., and about 40 per 
cent above it at the noon and evening readings. The 
wind was moderate during the afternoon, but very 
changeable, as shown by the following table: 
1:00 p. m.—4:36 p. m., southeast. 
: . m.—4:37 p. m., south. 
m.—4:44 p. m., east. 
5 p. m., north. 
9 p. m., northwest. 
0 p. m., west. 
4p. m., south. 
The variable wind, the rapid drop in temmperetnnes the 
steadily falling barometer, and the unusually high hu- 
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FIGURE 3 


midity indicate very unstable atmospheric conditions. 
Observers noticed that while only a gentle breeze existed 
on the ground, the clouds at higher levels were carried 
in different directions, tossed and tumbled by strong 
conflicting currents. 

The tornado began to assume definite form in the 
vicinity of Boxelder Canyon, the process being de- 
scribed by several observers. The afternoon was hot 
and sultry, with no wind for an hour before the tornado. 
The sky to the north and west was overcast by a huge 
black thundercloud which extended southward beyond 
the bluffs about 5 miles. Below this were two other 
layers of clouds. The upper layer, some distance above 
the ground, was white and traveling due north; the lower 
layer, close to the ground, appeared to be nearly black 
and traveling due south; both were moving at high 
speed. The two did not unite; but the lower layer, 
which was rolling and tumbling, eventually formed a 
typical thunderhead on the southeast corner of the 
main cloud, but lower and slightly in advance of it. 
This thunderhead, described by some as consisting of 
several layers, whirled rapidly counterclockwise, rolling 
and tumbling in all directions within the whirl. One 
observer said a southwest and a northeast wind seemed 
to meet head-on about this time and the clouds became 
still more agitated. Clouds were rushing into this center 
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from all sides. No funnel appeared, but the whole 
cloud settled close to the earth, and a column of dust 
about 2 rods wide rose to meet it. The two never united 
and the dust column soon collapsed. All this time a 
roar was heard overhead. 

The storm traveled southeastward and struck its first 
blow at Cottonwood Canyon (Fig. 1) shortly after 5 p. m. 
Its course from Cottonwood to Jeffrey Canyons was a 
zigzag one. It apparently traveled south, northeast, 
east, and southeast through this part of its course. Ob- 
servers some miles north reported that the funnel seemed 
to whip back and forth in a great are which they esti- 
mated to be 5 miles wide, writhing and twisting like a 
snake. From Jeffrey Canyon it traveled due east to the 
valley edge, then turned southeast, following the bluffs to 
the mouth of Hiles Canyon. 

Its path was narrow, never over half a mile wide, while 
the zone of greatest intensity was only a quarter of a mile 
wide. At Tree and Gulch Canyons the center was about 
500 to 800 feet wide, widening again east of Tree Canyon. 
About 2 miles east of Gulch Canyon it lifted, passed over 
four farmsteads, and dropped straight down on Tree 
Canyon. As it lifted the funnel broke into two parts, 


Figure 4.—Detail of tornado paths near McDowell farm southwest of Cozad 


both whirling independently, the lower finally settling. 
The upper part gradually lifted and lagged behind until 
it was pointing due west, parallel to the surface of the 
cloud above, writhing and twisting. After rising the fun- 
nel was white, which seems to have been its usual color 
when not in contact with the earth. While up in the air 
no roar was heard and there was no wind on the ground. 
Mr. Quinn, at Tree Canyon, stood at the cellar door watch- 
ing the storm approach and thought it was passing over. 
He estimated the funnel to be 400 feet above the ground. 
Suddenly the tail began to curl down, and when it 
struck the ground 300 feet west he jumped into the cellar. 
The storm lasted only a few neon there, but he said it 
sounded like the battlefields of France. At Jeffrey Can- 
yon Mr. Sytsma said it lasted four minutes. It struck 
Tree Canyon about 6 p. m. 

Observers commented on the number of funnels 
formed, three or four of which were visible at a time, 
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Over a dozen funnels formed and dropped, but never 
reached the ground. 

From Hiles Canyon the storm traveled east about 2% 
miles, leaving the bluffs and moving out into the valley 
bottom. From this point almost to the end it moved in a 
southeasterly direction, staying in the valley until it reached 
a point due south of Lexington. There it passed up over 
the bluffs to the uplands, where it finished its course. 
The path varied in width from 1 to 2 miles, narrowing and 
widening until due south of Darr Bridge. The funnel rose 
and fell, being high enough much of the time to hit only 
the taller structures and trees. Due south of Darr Bridge 
its path narrowed quickly to a width of half a mile, and this 
was its maximum width for the remainder of its course. 

For 2 miles due east of Hiles Canyon it was up in the 
air, hitting only the higher structures. Then it jumped 
due south a half mile, missing everything. At this point 
it dropped to the earth and moved east for 2 miles, wiping 
out nearly everything in its path. The funnel then 
jumped 1 mile southwest, doing little damage, but settling 
at that point to destroy one place. 

During this part of its course the cloud continued to 
drop numerous funnels, some of which reached the 
ground. Observers testified that a funnel would drop, 
move due east 1 or 2 miles, and break up; then another 
funnel a half mile or a mile south or slightly southwest 
would form and repeat the performance. This sto 
was supported by the lines of wreckage in the field whic 
lay in a due east-west direction, sometimes overlapping 
a little and always paralleling each other, with little or 
no damage anywhere on the southward jumps. The 
path of the storm was in a southeasterly direction, but 
the lines of wreckage extended east and west. 

According to observers, three funnels were in operation 
at almost the same time a mile north of the mouth of 
Midway Canyon. The wreckage seemed to support the 
story. The diagram, Figure 4, illustrates their move- 
ments.! Funnel 1 came from the northwest, passed over 
farmstead A, circled a few hundred feet east and came 
back over it, then turned and moved southeast over a 
cornfield between B and C. Funnel 2 dropped directly 
on B, traveled southwest a few hundred feet, and circled 
to the southeast, striking the north edge of C. Funnel 3 
started dropping about 1 mile west of C, over which it 
passed, but high enough in the air so that it caught only 
the highest points at C. It hit the ground 100 feet ‘east 
of the barn and destroyed a strip through a wheat field. 
The paths were all narrow, and funnels 2 and 3 disap- 
peared about 1 mile east of C. The funnel circled in a 
similar manner at two other places, and three funnels 
struck at one other place. 

From here the storm continued to the southeast, the 
path narrowing and the funnel striking the ground only 
here and there. Due south of Cozad the path widened 
again, but the point of the funnel remained high enough 
in the air to hit only the highest objects. South of Darr 
Bridge the storm became more intense, narrowed to a 
width of half a mile, and the funnel extended to the 
ground, destroying nearly everything in its path until it 
reached the bluffs of the Platte Valley. 

_ As the storm moved across Gosper County it was 
joined by a cloud from the east and one from the south- 
east. Another funnel dropped, striking the ground near 
the Phelps County line, but did no damage west of the 


1 It was about 10 to 12 days after the storm before the writer reached the point where 
the 3 funnels described struck. The-entire area covered by the funnels, with the excep- 
tion of the farmsteads, was cornfield. As it had been cultivated since the storm, it was 
practically impossible to trace the paths of the storm in the field. The story is based 
on the account of 6 or 7 observers, some of whom were in the storm area and some a short 
distance to the side. All told the same story. They also pointed out the paths as given 
in the diagram, and a little wreckage was found, which seemed to substantiate the story. 
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line. In Phelps County the storm was as concentrated 
and violent as in its earliest stages. It moved to the 
southeast over a path not more than half a mile wide, 
wiping out several farmsteads. The funnel never left 
the ground until it finally broke. About 6 miles north- 
east of Bertrand the funnel, traveling due east, passed 
over a farmstead. A quarter of a mile east of the farm- 
stead the funnel made a half-circle turn to the left and 
came back over the same farmstead, moving due west. 
After passing the farmstead the second time it moved 
northwest about a mile and a half into a pasture, where 
it broke up. In both pastures the grass was scoured 
and beaten, much of it killed, and débris scattered around. 
It retained its violence to the last, completely wrecking a 
ary anchored fence, where it disappeared. 

At the end the funnel dipped and rose three or four 
times, the last time apparently breaking into two parts 
about halfway up. The lower half continued to whirl a 
short time and then, according to the account of witnesses, 
apparently exploded. The upper half lifted into the 
cloud and the storm was over, about 8 p. m. 

The forward movement of the storm was slow. It 
traveled about 70 miles in approximately 2 hours and 
45 minutes, giving it an average speed of about 25 miles 
per hour. Observers estimated its speed at 20 miles 
an hour. The rate of movement varied in different parts 
of its course. It traveled from Boxelder Canyon to 
Hiles Canyon, a distance of 24 miles, in one hour, It 
moved most rapidly during the middle part of its course, 
from Hiles Canyon to the bluffs, a distance of 28 miles, 
which it traversed in 45 minutes. Then it slowed down, 
traveling the last 16 miles in about one hour, the funnel 
striking the ground only during the last 10 miles. 

Observers disagreed as to the direction of the wind 
before and after the storm. The majority of those ques- 
tioned gave the direction as east or southeast before and 
west or northwest after the storm. All agreed that the 
wind was gentle before the storm, very strong for about 
20 minutes after, and then gentle again. There was lit- 
tle or no rain before the tornado. The -rain afterwards 
ranged from light to heavy, always with a sprinkling of 
large hailstones of the same type that fell at North 
Platte, and did not last over half an hour. The rest of 
the evening was unusually pleasant. 

Except where it circled and struck twice, wreckage 
was distributed as would be expected. On the right, or 
south, side it was thrown to the east or northeast, for- 
ward and into the storm. On the left, or north, side 
it was thrown to the west and southwest, backward and 
into the storm. Wreckage that was carried any dis- 
tance was carried to the east, usually not over half a 
mile. Trees and buildings were twisted counterclock- 
wise. One barn was picked up, turned almost around, 
and, badly shattered, dropped in place. Buildings and 
posts were plastered with mud on the south and west 
sides, especially the south. The only exception to this 
was where the storm circled a place, and here the east 
face was plastered with mud. The mud was generally 
half an inch thick. 

Examples of explosive action in the center of the storm 
were frequent. Windows were blown outward, in some 
instances disappearing without leaving a trace. In 
several buildings the walls, almost intact, blew outward 
and the roof dropped on the floor. In some cases roofs 
were partially or wholly removed, the walls remaining 
in place but bulged outward. Doors to caves were 
wrenched open outward. In one case the people re- 
ported difficulty in remaining in the cave due to the 
storm’s suction. 
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At Conroy Canyon there is a cement-lined cistern, 
sunk level with the ground and covered with a loose 
board top. It is 16 feet long, 8 feet wide, and 8 feet 
deep, and before the storm had 4 feet of water in it. 
According to Mr. Ginapp, the center of the storm passed 
over it, removed half the top, and sucked out every drop 
of water. A lake with a surface area of 4 acres is located 
at the mouth of Tree Canyon, and out of this lake ac- 
cording to the testimony of a Mr. Quinn, who lives 
nearby, 2 feet of water disappeared. 

Examples of scouring were found throughout the 
course of the tornado. In cornfields lister ridges 8 to 
i2 inches high were leveled. The best example of 
scouring was seen at Gulch Canyon. Before the storm 
all slopes were covered with a heavy growth of grass and 
low shrubs. Wherever the center struck, grass and 
shrubs were torn out by the roots, leaving the earth 
bare. In places even the earth was gouged out. Around 
this area everything was beaten down as if by a muddy 
torrent. The transition from this beaten zone to the 
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FicurE 8.—Funnel a few seconds after striking Quinn ranch. The outer, lighter part 
is believed to consist of débris, dust, and water. Photograph by Mrs. Homer 


undamaged zone was abrupt, taking place in a 2-foot 
strip. There was no leeward, protected slope. It swept 
up the west slope and down the east without missing 
an inch, no matter how sharp the crest. Pockets barely 
big enough to hold a man’s body were thoroughly scoured 
out. Grass, looking as if a muddy torrent had rushed 
over it, was common throughout the storm area. 

The center of the storm passed over an orchard of 
trees not over 10 feet high and stripped off every leaf and 
twig, but did not uproot, twist, or break a tree. Similar 
cases were common. In wheat fields the heads were fre- 
quently stripped off and the stem left standing. 

Due south of Cozad the funnel passed over the farm of 
a Mr. Derrickson, destroying the upper part of the barn 
and the tops of trees and the windmill, but doing no 
damage to anything less than 30 feet above the ground. 
Mr. Derrickson was in the barn when the storm struck it. 
He felt the barn jump, stepped out into the yard, and 
walked 100 feet to the house, under the funnel which was 
about 30 feet above him. He said there was no notice- 
able wind in the yard, not even enough to stir the dust. 
Overhead it was black as night, and he could only see 
about 30 feet upward because of the dust and cloud of 
the funnel. 
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At one — a big truck was carried 300 feet up a hill- 
side and destroyed. The tires, which carried 80 pounds 
pressure, were not punctured; but blades of grass were 
driven between tires and rims. The heaviest iron ma- 
chinery was so twisted as to be made useless. A cement 
watering tank, 16 feet across and 2 feet high, was broken 
in half. One half was moved 20 feet eastward and shat- 
tered; the other, intact, was moved 10 feet; but a bag of 
feathers hanging by an ordinary string from a tree beside 
the tank was untouched. Brick and cement foundations 
only 2 feet high and set in the ground 6 inches were shat- 
tered. Two concrete blocks, weighing about 2,000 
pounds each, were torn from their fastenings and rolled 
several feet. A combine was rolled and pushed a quarter 
of a mile and wrecked. 

On one farm stood a garage in which the farmer kept 
his car and a 16-jar Delco light plant. A neighbor drove 
over to use his cave and parked his car beside the garage. 
The storm struck and the garage disappeared. The 
car in the garage suffered no damage except a broken wind 
shield, while the car outside was destroyed. The home 
from which the neighbor had fled was untouched. Mr. 
Sytsma said that 4 glass jars of the battery for the light 
plant were broken; the other 12 were taken from the 
shelf, 5 feet up, and placed on the cement floor without 
cracking any, but 3 were overturned so that the water 
escaped. 

There were several places where almost every move of 
the center of the storm could be traced, but one of the 
best was about 4 miles northwest of the mouth of Midway 
Canyon. At this point stood a farmstead with several 
fine buildings and large feed yards surrounded by trees, 
the whole about a quarter of a mile square. ‘The center 
of the storm Sihited over it and extended little, if any, 
beyond the trees. On the east side the trees were left 
pointing to the east and northeast, on the north to the 
north and northwest, on the west to the west and south- 
west, and on the south to the east and northeast. Toward 
the center they pointed in all directions, but plainly 
showed a counterclockwise twist. The buildings in the 
center were completely wrecked and the wreckage scat- 
tered to the east. 

The Quinn ranch, at the mouth of Tree Canyon, also 
offered an excellent opportunity to study the movements 
of the air currents in the center of the storm. The farm- 
yard is about 1,000 feet long from northeast to southwest. 
The funnel crossed it at right angles and was about 500 
feet wide at this point. The north and south ends of the 
yards were not damaged, while the central portion was 
destroyed. Figure 5 shows the lines on which the 
wreckage was distributed by the storm. All wreckage 
not dropped in the yard was carried eastward for distances 
not exceeding half a mile. Wreckage from the house was 
scattered in three directions. The chimney was thrown 
to the north, the walls, roof, and most of the furniture 
were carried along a curved line to the northwest, while 
the floor was carried eastward. Some of the furniture on 
the floor dropped into the basement. ‘Twenty-two tons 
of baled hay in the barn were carried eastward, while the 
rest of the wreckage was scattered along the curved line 
to the southeast. The wreckage of the feed house was 
found 1,000 feet to the east. The path of the wreckage 
from the chicken house was not determined. 

Trees varied noticeably in their ability to withstand 
the storm. Cottonwoods were damaged the most, while 
pines and cedars suffered the least. 

The damage done by the storm was estimated at about 
$200,000, which no doubt was moderate, as there were 
several farms where the loss ranged from $10,000 to 
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At Conroy Canyon there is a cement-lined cistern, 
sunk level with the ground and covered with a loose 
board top. It is 16 feet long, 8 feet wide, and 8 feet 
deep, and before the storm had 4 feet of water in it. 
According to Mr. Ginapp, the center of the storm passed 
over it, removed half the top, and sucked out every drop 
of water. A lake with a surface area of 4 acres is located 
at the mouth of Tree Canyon, and out of this lake ac- 
cording to the testimony of a Mr. Quinn, who lives 
nearby, 2 feet of water disappeared. 

Examples of scouring were found throughout the 
course of the tornado. In cornfields lister ridges 8 to 
12 inches high were leveled. The best example of 
scouring was seen at Gulch Canyon. Before the storm 
all slopes were covered with a heavy growth of grass and 
low shrubs. Wherever the center struck, grass and 
shrubs were torn out by the roots, leaving the earth 
bare. In places even the earth was gouged out. Around 
this area everything was beaten down as if by a muddy 
torrent. The transition from this beaten zone to the 
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undamaged zone was abrupt, taking place in a 2-foot 
strip. There was no leeward, protected slope. It swept 
up the west slope and down the east without missing 
an inch, no matter how sharp the crest. Pockets barely 
big enough to hold a man’s body were thoroughly scoured 
out. Grass, looking as if a muddy torrent had rushed 
over it, was common throughout the storm area. 

The center of the storm passed over an orchard of 
trees not over 10 feet high and stripped off every leaf and 
twig, but did not uproot, twist, or break a tree. Similar 
cases were common. In wheat fields the heads were fre- 
quently stripped off and the stem left standing. 

Due south of Cozad the funnel passed over the farm of 
a Mr. Derrickson, destroying the upper part of the barn 
and the tops of trees and the windmill, but doing no 
damage to anything less than 30 feet above the ground. 
Mr. Derrickson was in the barn when the storm struck it. 
He felt the barn jump, stepped out into the yard, and 
walked 100 feet to the house, under the funnel which was 
about 30 feet above him. He said there was no notice- 
able wind in the yard, not even enough to stir the dust. 
Overhead it was black as night, and he could only see 
about 30 feet upward because of the dust and cloud of 
the funnel. 
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At one place a big truck was carried 300 feet up a hill- 
side and destroyed. The tires, which carried 80 pounds 
pressure, were not punctured; but blades of grass were 
driven between tires and rims. The heaviest iron ma- 
chinery was so twisted as to be made useless. A cement 
watering tank, 16 feet across and 2 feet high, was broken 
in half. One half was moved 20 feet eastward and shat- 
tered; the other, intact, was moved 10 feet; but a bag of 
feathers hanging by an ordinary string from a tree beside 
the tank was untouched. Brick and cement foundations 
only 2 feet high and set in the ground 6 inches were shat- 
tered. Two concrete blocks, weighing about 2,000 
pounds each, were torn from their fastenings and rolled 
several feet. A combine was rolled and pushed a quarter 
of a mile and wrecked. 

On one farm stood a garage in which the farmer kept 
his car and a 16-jar Delco light plant. A neighbor drove 
over to use his cave and parked his car beside the garage. 
The storm struck and the garage disappeared. The 
car in the garage suffered no damage except a broken wind 
shield, while the car outside was destroyed. The home 
from which the neighbor had fled was untouched. Mr. 
Sytsma said that 4 glass jars of the battery for the light 
plant were broken; the other 12 were taken from the 
shelf, 5 feet up, and placed on the cement floor without 
cracking any, but 3 were overturned so that the water 
escaped. 

There were several places where almost every move of 
the center of the storm could be traced, but one of the 
best was about 4 miles northwest of the mouth of Midway 
Canyon. At this point stood a farmstead with several 
fine buildings and large feed yards surrounded by trees, 
the whole about a quarter of a mile square. The center 
of the storm pitied over it and extended little, if any, 
beyond the trees. On the east side the trees were left 
pointing to the east and northeast, on the north to the 
north and northwest, on the west to the west and south- 
west, and on the south to the east and northeast. Toward 
the center they pointed in all directions, but plainly 
showed a counterclockwise twist. The buildings in the 
center were completely wrecked and the wreckage scat- 
tered to the east. 

The Quinn ranch, at the mouth of Tree Canyon, also 
offered an excellent opportunity to study the movements 
of the air currents in the center of the storm. The farm- 
yard is about 1,000 feet long from northeast to southwest. 
The funnel crossed it at right angles and was about 500 
feet wide at this point. The north and south ends of the 
yards were not damaged, while the central portion was 
destroyed. Figure 5 shows the lines on which the 
wreckage was distributed by the storm. All wreckage 
not dropped in the yard was carried eastward for distances 
not exceeding half a mile. Wreckage from the house was 
scattered in three directions. The chimney was thrown 
to the north, the walls, roof, and most of the furniture 
were carried along a curved line to the northwest, while 
the floor was carried eastward. Some of the furniture on 
the floor dropped into the basement. ‘Twenty-two tons 
of baled hay in the barn were carried eastward, while the 
rest of the wreckage was scattered along the curved line 
to the southeast. The wreckage of the feed house was 
found 1,000 feet to the east. The path of the wreckage 
from the chicken house was not determined. 

Trees varied noticeably in their ability to withstand 
the storm. Cottonwoods were damaged the most, while 
pines and cedars suffered the least. 

The damage done by the storm was estimated at about 
$200,000, which no doubt was moderate, as there were 
several farms where the loss ranged from $10,000 to 
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$20,000. Only one life was lost and five people injured. 
The low loss in life and property was due to three causes. 
The storm struck only rural sections throughout its 
course. It moved slowly, about 20 miles an hour, makin 

it easy to get out of danger. It was visible for miles, an 

nearly everyone had watched it for at least 15 minutes 
pow it struck. Word was also sent in advance by tele- 

one. 

: The storm seems to have been due to conditions in the 
upper atmosphere, rather than unequal or extreme heat- 
ing of the earth’s surface. A check of the pressures, 
temperatures, and wind velocities reported from the sta- 
tions surrounding North Platte revealed only slight differ- 
ences. ‘There was no hot wave before the storm; in fact, 
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Strong con- 


had been rather cool. 
trary winds were observed tossing the clouds at different 
levels before there was any sign of a tornado, while it 


the week precedin 


was nearly calm at the ground. One observer said 
that it seemed to him as if a southwest and a north- 
east wind had met head-on overhead and started a whirl 
which began to enlarge and suck the clouds in toward it. 
The large number of funnels formed would indicate that 
a number of eddies existed in the upper atmosphere, but 
not all had strength enough to the ground. Some 
observers said that the tornado cloud seemed to consist 
of several layers at first. ‘The make-up of the hailstones 
would indicate the presence of evaeal Tevels of air with 
different temperatures. 


HAIL DAMAGE IN. IOWA 


By Cuarues D. Resp 
{Weather Bureau, Des Moines, Iowa] 


Assessors in Iowa are required to ask each farmer on 
about 210,000 farms as to the amount of hail damage to 
crops on his farm the preceding crop season. ‘These data 
are tabulated and summarized by the weather and crop 
bureau of the lowa Department of Agriculture. 

Eight years of these data are available at the close of 

1930. In that period the average annual hail loss in the 
State was $4,513,760, while the average value of the 
crops at risk was .$391,483,456. The greatest loss, 
$7,975,686, was in 1925, and most of it occurred in the 
storm of August 18, extending from the southeast corner 
of Poweshiek and the southwest corner of Iowa Counties, 
almost due southeastward about 60 miles across Keokuk, 
Washington, Jefferson, and Henry Counties and into Lee 
County. The total damage in this storm was approxi- 
mately $5,000,000, making it probably the most destruc- 
tive in the history of the State. The least damage was 
$1,598,963 in 1930. 
The greatest county damage was $1,076,280 in Wood- 
bury County in 1929, and the greatest township damage 
was $321,380 in Liberty Township, Keokuk County, in 
1924. The average number of townships reporting hail 
damage in the past eight years is 563, or 35 per cent of 
the total number of townships. In 1929, only 387 town- 
ships, or 24.1 per cent, reported hail, which is the least in 
the eight years, but the damage in these townships was 
rather intense, so the total was greater than in 1930. 

Data are insufficient to work out definite zones of dam- 
age, but it now appears that the counties along the Mis- 
souri and Big Sioux Rivers and those adjacent are more 
subject to hail than other portions of the State, while a 

ood many counties in southeast Iowa, particularly 

avis, are nearly immune. In the 8 years, 24 counties 
had one or more years with no damage; 14, mostly in the 
southeast, had only 1;4 counties, Dallas, Henry, Louisa, 
and Monroe, had 2 years; 5 counties, Des Moines, Jeffer- 
son, Lee, Van Buren, and Wayne, had 3 years; and 1 
county, Davis, had 4 years without hail damage. 

In the eight years, 159 townships, or about 10 per cent 
of the area of the State, reported no hail. It was found 
that in several cases considerable damage was reported 
by monthly crop reporters and others in some of these 
159 townships from which the assessors reported no 


damage. This discrepancy may be explained by the 
fact that crop reporters make their reports immediately 


_after the storms occur, and at certain stages crops, es- 


ecially corn, in a favorable season, have been known to 
argely recover from what at first appeared to be almost 
total destruction. Some months later when the assessor 
visits the farmer, the crop harvested is so nearly normal 
in yield that the farmer has forgotten all about the 
damage. 

On the other hand, hail damage is so extremely local- 
ized, being large on one farm and amounting to nothin 
on an adjoining farm, that the actual acreage that escape 
damage in the eight years is no doubt greater than the 
10 per cent shown by using the township as a unit, and 
may be twice that amount. 

It is recognized that the fluctuating values of crops of 
nearly equal quantity, or the inflation and deflation of 
the dollar, makes the dollar an unsatisfactory unit for 
measuring and comparing hail damage over a long period 
of years; yet it is convenient; a more complicated method 
might break down the cooperation of assessors and farm- 
ers; and eventually refinement may be effected by apply- 
ing some commercial index number. The per cent of 
damage requires no such refinement. It is found by 
dividing the total damage (times 100) by the total value 
of crops at risk. In this 8-year period it averaged 1.15 

er cent, the greatest being 1.99 per cent in 1925 and the 
east 0.50 per cent in 1930. 

Further details are shown in the accompanying table. 

Experience of hail insurance companies shows a larger 
per cent of damage than these figures indicate, for the 
reason that it is easy to write policies in a territory where 
devastating hail storms are of almost annual frequency. 
and relatively hard to write policies in a county like 
Davis, where damage is rare. The rates of the com- 
panies must therefore be basicly higher and must, in 
addition, include the cost of getting the business, adjust- 
ing the losses, setting up reserves, maintaining offices and 
employees, and general overhead expenses. 

If this line of inquiry is continued long enough, possibly 
when 20 years of data are available, a more satisfactory 
scale of county or even township rates for hail insurance 
may be worked out. 
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Hail damage in Iowa 
{Reported by township assessors] 


Damage and risk Area of damage Largest county damage Largest township damage 
Per 
Year Per | Number! cent of Counties reporting no damage 
Total /-rotal amount! cent o of town- | 
damage in |*® ri k ym ships re-| 49 Amount County Amount | Township and county 
State at ris porting te 
damage |" State 
RE 319, 507 | $382, 987, 102 0. 61 451 28.0 $233,336 | Poweshiek....| $70,004 Bear Creek, Powe- Dallas, Davis, Des Moines, Dickinson, 
" / shiek County. Guthrie Jefferson, Lee, Louisa, Van 
Buren, Washington, Wayne. 
a _..-| 6,903,909 | 422,087,377 1. 64 598 37.1 690, 259 | Keokuk_-__..- 321, 380 bety Keokuk Coun-| Monroe, Wayne. { 
y. 
Ee noes 7, 975, 686 | 401,371,307 1.99 | 748 46.5 502,800 |.....do......... 189, 230 Basie Rives Keo- } Davis. 
uk County. 

2,342,187 | 355, 664, 129 0.66 | 465 28.9 415,020 | Webster-_...--- 175, 225 Webster! Iowa. 

ounty. 
5,064,717 | 380,753, 693 1. 33 664 41.2 442,305 | Clinton. -._... 155, 150 | Eden, Clinton County | Davis, Dubuque. 
eet 6, 363,932 | 439, 206, 488 1.45 779 48.4 558, 966 | Plymouth... -- 189, 147 ——* Harrison | Henry, Jefferson, Louisa, Van Buren. 

| ounty. 
i icnaccccnes 3, 541,179 | 429,093, 048 0. 83 387 24.1 | 1,076,280 | Sioux-..-_-.-- 203,400 | Lincoln, Sioux Coun- | Clay, Davis, Des Moines, Lee, Marion, 

ty. Palo Alto, Wayne, Winnebago. 
De skbiinintincnndl 1, 598, 963 | *320, 704, 507 0. 50 410 25.5 551,818 | Woodbury-_..-| 83,532 | Liston, Woodbury | Clarke, Clinton, allas, Des Moines, 

County. Henry, Jefferson, Jones, Lee, Mahaska, 

Mills, Monroe, Van Buren, 

Average.._| 4, 513,760 | 391, 483, 456 1.15 563 35. 0 49% 


*Amount at risk, 1930, preliminary estimate, subject to change. 


MELON FROST FORECASTING IN THE UMPQUA VALLEY, OREG. 


By Epaar H. Fietcuer 
[Weather Bureau Office, Roseburg, Oreg., April 27, 1931] 


INTRODUCTION 


Since it occurs to the writer that forecasting frost for 
the benefit of commercial cantaloupe growing may be a 
rather new departure in the field of frost protection, a 
brief outline of the practical application of this service to 
the melon industry in the Umpqua Valley is presented, 
with special reference to the part played by fog formation. 


CONDITIONS FAVORABLE FOR CANTALOUPE PRODUCTION 


The lowlands in the isolated valleys along the South 
Umpqua River in the general vicinity of Roseburg, Oreg., 
are being utilized for the growing of cantaloupes of 
superior quality. The three factors of primary impor- 
tance—soul, temperature, and moisture—upon which the 
successful growing of cantaloupes depend are properly 
correlated here to produce quality and quantity. 

. The soil of these bottom lands is of silty loam, from 10 
to 15 feet deep on gravel through which the river runs, 
and with a water table so high as to preclude the necessity 
of irrigation. The vines root down 5 or 6 feet and depend 
on subsoils moisture, which is supplied by generous 
winter rains, the summer season being almost rainless. 
Thus the unirrigated growth, together with the long 
growing season of cool nights and warm days, not only 
develops an extremely high sugar content but improves 
the flavor and keeping qualities, so that melons can be 
picked fully ripe for shipment almost any distance. 
The best and finest flavored crops are grown in the years 
when no rain falls from the time of germination to the end 
of harvest. 

FROST PROTECTION NEEDED 


The harvesting season begins about August 15 and con- 
tinues through the greater part of October. But there is 
the ever-present danger of frost during the second half of 
this period; and since it is in the second half that all the 
growers’ profits lie, it stands the grower who wishes to 
safeguard his season’s labor and results therefrom well in 
hand to consider some method of frost control, especially 
a the vines will continue to produce until killed by 

rost, 


Experiments, though somewhat crude, in the fall of 
1929 clearly demonstrated the fact that frost-control work 
can be successfully and profitably accomplished on late- 
maturing melon fields. It occasionally happens that an 
early fall frost occurs when a large portion of the crop is 
still unmatured. To protect against a single September 
frost may be the means of prolonging the growing season 
for two or three weeks, and just at the time when the 
market is becoming more favorable. After the coming 
of the fall rains there is usually sufficient soil moisture to 
produce fog in the early mornings on radiation nights, 
thus affording a natural protection against frost damage. 
But frost hazard is great under any barometric condition 
with low atmospheric moisture and clear nights. 


EFFECT OF WIND 


The wind movement, being extremely light in these 
more or less inclosed valleys, is not usually an important 
factor to be considered; neither is air drainage, as the 
valley surfaces are nearly level. However, a change in 
wind direction during the night to northerly or easterly 
has the effect of lowering the dew point and consequently 
preventing the formation of fog which may have been 
indicated at 5 p. m., especially if clearing does not occur 
until after that hour. 


FOG AN IMPORTANT FACTOR 


An essential prerequisite to frost and minimum tem- 
perature forcasting in this region is the foretelling of the 
occurrence of morning fog, together with the degree of 
density, and the approximate hour of beginning, since 
occasionally there will be some damage before the fog 
begins to retard the fall in temperature. 

Fog conditions can be determined with great accuracy 
from the 5 p. m. dew point and relative humidity in 
connection with the chart shown in Figure 1. This chart 
shows under what values of 5 p. m. : point and rela- 


tive humidity fog has occurred on radiation nights for 
the fall season at Roseburg during the past 22 years 
when the minimum temperature was 40° or below. In 
using the chart, if the hygrometric values fall to the left 
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of the free-hand-drawn curved line, a clear sky with no 
fog is indicated, but if to the right of the curve, fog or 
cloudiness is clearly indicated ; furthermore, the character 
of fog and the approximate hour of beginning can be 
determined by the departure of the values from the curve. 
Additional charts may be prepared to show these rela- 
tionships. 

It will be noted that the chart is quite dependable 
near the middle of the curve, where most of the observa- 
tions fall. The comparatively few occurrences near the 
ends of the curve are rather unimportant cases that either 
occurred late in the season or were followed by minimum 
temperatures slightly above 40°, and were added to 
show the hyperbolic trend of the curve. This chart is 
highly efficient for the purpose intended. 

As past records show that fog occurs on a large per- 
centage of radiation nights, there are but comparatively 
few occasions in a normal year when frost protection is 
actually needed, as fog often performs this function auto- 
shtheulg: But it is on these few nights, if early in the 
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MINIMUM TEMPERATURE FROM FORMULA 


When it is evident that the sky will remain clear 
throughout the night, the ensuing minimum temperature 
is determined by use of a hygrometric formula developed 
after the Young method (/) (2), which has proven quite 
successful; but the result is checked against a Nichols 
free-hand curve (3) on a hygrometric dot chart based 
on a long period of record, and in some instances a 
further slight correction is made. 


MINIMUM FROM CURRENT TEMPERATURE 


In this locality the 5 p. m. temperature alone, as pro- 
posed by Nichols (4), does not seem to be a reliable index 
to the morning minimum; the moisture factor must be 

iven much weight. Minimum temperatures of 32° or 
elow have occurred frequently on radiation nights with 
the 5 p. m. temperature varying on different occasions 
from 45° to 75°. An interesting instance occurred on 
September 6, 1929; the temperature at 5 p. m. was 80°, 
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Ficure 1.—Relationship between the 5 p. m, dew point and relative humidity to the state of the ensuing weather—whether clear all night or fog after midnight—on radiation 


’ nights at Roseburg, Oreg., during the fall season of September, October, and 
or below. The curve separates hygrometric data when the weather remain 


season, that the growers desire to be advised. There is 
an occasional year when no frost damage occurs during 
the main producing season. 

Figure 2 is a section of the thermograph trace at the 
temperature station of Dillard, Oreg., on two consecutive 
nights, showing the rising tendency in temperature after 
the formation of fog near or soon after midnight. A 
slight secondary fall occurred with the diminution of fog 
near sunrise. 

The dew point alone will not serve to determine the 
occurrence of fog as accurately as it will in conjunction 
with the relative humidity, because in the latter case a 
factor of the current temperature is also introduced. 
For instance, an evening dew point as low as 32° may 
be followed by dense fog before morning if the relative 
humidity is comparatively high, while, on the other hand, 
a dew point of 45° may not cause fog if the relative humid- 
ity is hg This inverse relationship is well shown in 


art of November for the years 1909-1930, when ensuing minimum temperature was 
clear all night from those when fog occurred 


the dew point 30°, and the relative humidity 17, but 
before morning the temperature had fallen to 42° at 
the Weather Bureau, causing a light frost with some 
damage to melon foliage in the low valley sections. 
This range in temperature was caused by cooling from 
local radiation under favorable conditions of low humid- 
ity and practically no wind, calm having been recorded 
for five consecutive hours after midnight. 


VARIATION FROM WEATHER BUREAU KEY STATION 


Minimum temperatures on clear nights in the melon 
districts have been found to be from 6° to 8° lower than 
at the Weather Bureau key station. However, the 
variation is somewhat irregutie depending upon loca! 
conditions, but as a general rule, when a minimum of 40° 
or lower is expected at the Weather Bureau, frost will 


occur along the lower river bottom lands, provided in all 
As yet no 


cases fogs do not form during the night. 


| 


232 MONTHLY WEATHER REVIEW 


extensive temperature survey has been made of the 
district. 'Thermographs have been exposed only during 
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FIGURE 2.—Tlermograph trace, Dillard, Oreg., October 15-16, 1930, showing the 
effect of fog in retarding temperature fall 


two frost seasons at two stations in separate regions. 
Some variation in temperature between these stations 
has been noted on nights with varying local fog conditions. 


VALUABLE AID AT PLANTING TIME 


Another important service that the Weather Bureau 
renders the melon industry is at planting time in the 
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early spring, when the weather is still much unsettled. 
As cantaloupe seed will germinate only under favorable 
weather conditions, planting must be avoided just 
previous to a cold, rainy period or one with strong, drying 
northerly or easterly winds. The kind of weather that 
is expected to prevail not only determines the time but 
also the depth the seed should be planted for best results. 
The growers state that the availability of this service 
has done much to take one of the major risks of melons 
in the Umpqua Valley—thet of uncertain stands—from 
the industry. The crop must be started as early as 
possible after the frost danger is past in the spring in 
order that the maturing season may be well advanced 
before the coming of cooler fall weather, with its possi- 
bility of frost. Hence, frost protection in the spring is 
not a factor to be considered. 

The aid the Weather Bureau has been able to give the 
melon growers has played no little part in the develop- 
ment of this rapidly expanding industry in this valley. 
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WEATHER CONDITIONS AFFECTING THE PORT OF NEW ORLEANS 


By W. F. McDona.p 
[Weather Bureau, Washington, May, 1931] 


Out of a number of years’ experience with the public 
contacts of the Weather Bureau Office at New Orleans 
in connection with requests for information about weather 
and climatic conditions, I have formed some judgments 
regarding those features of the climate that appear to 
be of most practical concern to the business of the port. 
A detailed discussion of the records supporting these 
judgments can not be presented at this tame, but the 
following general statements may have suggestive value. 

1. General weather conditions, especially with respect 
to wind and fog, are decidedly favorable to commerce 
through the port of New Orleans. Average wind 
velocities are low, only 7.5 miles per hour for the year, 
and less than 9 miles per hour in March, the month of 
highest average wind. Maximum velocities exceed 26 
miles per hour on an average of only 15 days per year, 
and maximum velocities of 45 miles per hour have been 
exceeded in only 2 of the 12 months, namely, August and 
September, when tropical storms have caused storm 
conditions producing higher wind velocities. Fog fre- 
quency affecting the water front is not fully represented 
by the records taken at the Weather Bureau office, but 
fogs of a duration sufficient to delay commerce more than 
a day are of relatively infrequent occurrence, and acci- 
dents due to fog are uncommon. River fogs are of 
somewhat greater frequency and duration than those 
which occur at moderate distance from the river, because 
the cold water coming down from the north during spring 
months contributes to highly localized fog formation 
when warm waves bring moist southerly currents inland 
from the Gulf to be chilled on contact with the cold 
river surface. The shallow nature of this localized 


river fog permits shipping to be moved at times from 
masthead lookout when dense fog conditions prevail at the 
level of the deck. Most cases of fog delay are measured 
in terms of a few hours only. 

2. Examination of the records of storms affecting the 
port of New Orleans indicates that tornadoes are relatively 
unimportant—indeed, almost unknown. Only one au- 
thentic tornado has occurred in the immediate vicinity 
in 25 years, the one case being in October, 1906, when 
damage estimated at $300,000, with 21 persons injured, 
but no deaths, occurred in a tornadic path 4 ‘miles long. 
Local storms of damaging violence, several of which may 
have been very small tornadoes or incipient tornadoes, 
have been recorded on seven other dates in 35 years of 
records for that vicinity, with damages running over 
$25,000 in only three of the seven cases. 

Ten tropical cyclones are recorded in the Gulf region 
in 25 years, but only a few of these storms have directly 
affected the port of New Orleans to more than very minor 
degree. Shipping bound to or from New Orleans has 
been lost in a few instances; however, the losses at sea 
in this period have been remarkably few in the Gulf 
region, and I dare say less in proportion than the losses 
to North Atlantic commerce due to extratropical storms. 

Only two storms in the weather history of the port of 
New Orleans during the last 35 years have been weather 
events of serious magnitude. The greatest damage re- 


sulted from the tropical hurricane of September 29, 1915, 
with an earlier severe but less damaging hurricane of 
September 20, 1909. Even in these cases, however, the 
principal maritime losses were confined to the smaller craft, 
such as tugs, barges, derricks, small river steamers, etc. 
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There is no doubt that under modern conditions, which 
permit the Weather Bureau to issue accurate warnings of 
the existence and progress of hurricanes while they are 
still at sea, the interests concerned with storm hazards 
can do much toward safeguarding shipping and com- 
modities from threatened damage. There is also no doubt 
that a reg oe of a hurricane along a track to bring the 
center inland from the Gulf near and slightly to west- 
ward from New Orleans will again cause much damage in 
spite of all possible precautions. Nevertheless, the storm 
hazard, measured either in terms of frequency or in 
percentage of total values lost by storm, is relatively low. 

3. The physical location of the port of New Orleans, 
many miles from open Guif waters, fully protects the 
harbor from damage by storm tides. In the 1915 hurri- 
cane the level of the river was raised about 6 feet, due to 
the effects of the tide, but the fluctuation of river levels 
by reason of the annual flood flow is very much greater 
than this amount, and ranges upward to 20 feet in a year 
of large flood. 

The fluctuation of 15 to 20 feet in the annual course of 
river stages does offer some disadvantages to commerce, 
and these changes in river level, resulting, as they do, 
from weather conditions in the valley above, may be 
classed as a climatic characteristic of the port. Local 
changes in the river bottom accompany the alternation 
between flood and low water. The advent of extreme 
low water each year almost invariably calls for con- 
siderable dredging at wharf sides and in slips in locations 
where there is an accumulation of sediment during high 
stages. In other places floods regularly produce a 
damaging erosion that involves occasional rebuilding of 
wharves and levees or calls for costly protective measures. 
These matters are of course not direct charges upon the 
business of the port, as the costs are covered by State 
or Government funds, but the expenditures are properly 
chargeable to the overhead of port operations. 

4. The high total of annual precipitation might be 
thought to indicate considerable interference with the 
business operations and commerce at New Orleans. This 
is not the case. Rainfall is more generally of the intense 
shower type than of the long-drawn-out character more 
commagnly experienced in cooler climates. The highest 
hourly frequency of rainfall in any month is 10 to 14 per 
cent in the warmer part of the day, from June to Sep- 
tember. The hourly frequency does not exceed 8 per 
cent in any other month of the year, and is as low as from 
1 to 3 per cent in many hours. Excessive precipitation is 
less damaging to commerce over the wharves than in 
other parts of the city, because the river banks are the 
highest land surfaces, with the slope gradually dropping 
away from the river, as is common in all true delta 
regions. Drainage is excellent. 

5. While rainfall may thus be shown to be a minor 
factor in the flow of commerce through the port of New 
Orleans, it must be admitted that there is considerable 
difficulty in protecting some commodities from damage by 
reason of the high absolute humidity of the air. Due to 
the higher average temperatures than those prevailing 
in other major ports of the United States where relative 
humidities are quite similar, the atmosphere at New 
Orleans actually carries a much larger quantity of water 
vapor. Packaged foods, such as cereals, granulated and 
powdered sugars, canned goods, and some other com- 
modities, as charcoal and chemicals, subject to hygro- 
scopic influences, may suffer considerably in storage and 
handling due to this feature of the climate. 

On the other hand, some commodities are probably 
handled to advantage because of the higher humidities. 
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Cotton, for instance, received at New Orleans from the 
more arid regions of the Southwest gains appreciably in 
bale weights by absorption of moisture, and this change 
se gain to the buyer at arid loading point who 
sells on the weight at New Orleans. 

Two other specific examples of the troublesome con- 
sequences of high absolute humidity affecting some 
commodities handled at New Orleans will give point to 
this phase of the climate in its effects on commerce. 
Granulated sugar, especially in bags, but to a considerable 
extent also in wax packages, cakes badly, especially in 
winter. The remarkable intensification of this problem 
in winter was difficult to explain on general grounds, 
because the absolute humidities are of course highest in 
summer. ‘The cost of handling and regranulating spoiled 
packages was sufficiently serious to set senaedl oi the 
large sugar companies to a scientific investigation of the 
underlying conditions. The investigation revealed that 
the sugar caked most seriously, not when the humidity 
remained steadily high but when high humidity was 
followed by a spell of abnormally dry weather. Such 
variations can only occur at New Orleans with the alter- 
nation between warm and cold wave type conditions 
characteristic of the colder part of the year. The 
explanation appears to be something like this: High 
absolute humidity increases the natural moisture film on 
the sugar grain to an extent which may reach the point of 
some coalescence between particles in contact. The 
dehydration attending a few days of unusually low humid- 
ity then results in some recrystallization of this sugar 
film, which cements the granules into a caked mass. 

The other instance, of similar obscure nature, occurred 
in connection with a series of fires attributed to spon- 
taneous combustion in car-lot charcoal shipments moving 
to New Orleans from a point 500 miles in the interior. 

A business of $100,000 annually was threatened with 
extinction by the increasing insurance rates following the 
large number of fires experienced in transit. Again a 
technical investigator was placed on the trail, and the 
trouble was located and cured. Charcoal, fresh from the 
furnaces, is highly hygroscopic and heats upon absorption 
of moisture. Therefore, the shipments which were 
loaded at relatively low humidity absorbed enough 
moisture from the more humid coastal atmosphere to ‘set 
up spontaneous combustion from the heat generated in 
the interior of some of the carloads. A positive cure for 
the evil consisted in wetting down the fresh charcoal 
when it went from the furnaces into the loading bins, 
where it cured for a few days prior to shipment. 

6. Temperature influences on the commerce of New 
Orleans are in the main unimportant except in connection 
with one major item of imports, namely, bananas. The 
critical temperature for bananas is about 40° F., as the 
fruit does not ripen properly if it has been chilled below 
that degree of temperature. Unloading of banana cargoes 
is an open-air process, which is greatly hampered when 
temperatures fall below 40° and must be stopped 
entirely when the temperatures fall toward freezing, 
Average conditions at New Orleans are very favorable 
for this commerce, as few occasions demand delay or 
special precaution in transfer of bananas from ship to car. 


SUMMARY 


Climatic conditions bearing upon the commerce of the 
port of New Orleans are more favorable than otherwise, 
with the sole exception of the hazard of severe tropical 
storm, which is infrequent, having occurred only twice 
in the last 35 years. 
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NOTE ON J. F. BRENNAN’S METHOD OF DETERMINING THE ALTITUDE IN THE 
ATMOSPHERE ABOVE SEA LEVEL WHERE THE FREEZING POINT OF WATER 


OCCURS * 


By ANDERS Anastrém 


[Meteorologica:i-Hydrographical Office, Stockholm, Sweden, June, 1931] 


As regards the very simple method described by J. F. 
Brennan! for determining the position of the zero iso- 
therm in the free atmosphere, the present author may be 
allowed to add some remarks as a consequence of a 
number of experiments and tests carried out under his 
supervision at the 
Meteorological-Hy- 
drographical Insti- 


tute at Stockholm. 

Fig. 1 From these experi- 

ments I am in- 

clined = 

ractical applicabil- 

A of the method of 

Mr. Brennan, at 

least in the simple 

form described in 
the paper. 

The method is 
founded upon the 
expansion of water 
at freezing. The ex- 
B pansion is used for 
releasing, at the 
height at which 
freezing occurs, a 
paper pendant from 
a pilot balloon and 
the moment of the 

release is noted. 
b For further details I 


’ may refer to the 


original note of Mr. 
Brennan. 

The great diffi- 
culty in the practi- 
cal application of 
this method is due 
to the fact that wa- 
ter does not under 
ordinary conditions, 
when no ice crys- 
tals are present, 
freeze at a fixed 
temperature. In- 
closed in a small 
vessel of glass or 
metal and cooled 
5 down below zero, 
water freezes at 
times between —0° 
C. and —3° C., but 
Prova Device determing thebeightotthezero may sometimes be 

cooled down to 
about —7° to —8° C. without freezing. In shaking the 
vessel or through blowing small air bubbles through the 
water we may reduce the probability for a considerable 
undercooling, but the fact remains that the water even 


1 MONTHLY WEATHER REVIEW, February, 1931, vol. 59, p. 75. 


under these conditions may freeze at temperatures vary- 
ing by a couple of degrees. 

Figure 1 shows the design used in our experiments. The 
water is inclosed in the small glass bulb 6 and in the small 
capillary tube c, connected to the glass bulb. Cooling the 
system below 0° C. we find that the water will at first 
freeze in the tube; when the water some moments later 
freezes in the bulb the capillary is broken and the signal 
attached at s is released from the balloon attached at A. 

A large number of experiments were carried out in 
order to prevent the water from undercooling. An auto- 
matic shaking device was designed where the vertical 
movement of the balloon was used for driving a little 
“shaker.” We also investigated whether the addition 
of powdered substances like fine grains of metals, etc., 
would help, but with small effect. 

Considerable progress however was obtained through 
stirring the water in order to produce small air bubbles. 
It seems as if very small air bubbles present in the water 
would prohibit further undercooling. The smaller the 
air bubbles, the higher their internal vapor pressure, and 
the more effective they seem to be in prohibiting a con- 
siderable undercooling. The difficulty in the practical 
application, however, is chiefly the following: When 
small air bubbles are produced at a certain temperature 
above zero, the cooling of the water will have the conse- 
quence that air will be absorbed and at the temperature 


at which the water ought to freeze we run the risk that 


no air bubbles are present. On the other hand too large 
air bubbles have no or very little effect. Practically, 
the difficulties are so great as to make this method of 
preventing undercooling almost useless. 

The final arrangement, which, in spite of its effective- 
ness, is lacking considerably in practical elegancy, con- 
sists in letting a part of the water be frozen at the’start in 


_ order that undercooling may be impossible. For that 


purpose a second glass bulb B (fig. 1) was added, and the 
freezing of the water in this larger bulb was effected 
through dipping this part of the glass system, before the 
release of the pilot balloon, in a Dewar bottle containing 
a solution of solid carbon dioxide in alcohol. By includ- 
ing a small grain of lead P in the bulb B ice was caused 
to form around P, in the lower parts of the bulb, in 
immediate contact with the water in the capillary. The 
whole glass system was made at a cost of about half a 
dollar a piece at the Grave Instrument Co., Stockholm. 

Experiments with this device made it clear that we 
may in this way easily freeze the water at a temperature 
variable within not more than about +0.5° and generally 
at about —1° C. Trials, in which two pilot balloons 
were sent up in tandem and one of them released at the 
breakage of the glass, gave the same result, comparisons 
being made with the results of meteorograph ascensions. 
In spite of some inconveniences inherent to the arrange- 
ment of partly “‘prefreezing’’ the water, the method 
undoubtedly includes some advantages, and may prob- 
ably be considerably improved. 

During these experiments the author had the able 
assistance of O. Nauclér, civil engineer, to whom sincere 
thanks are due. 
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ANALYSIS OF THE PRECIPITATION OF RAINS AND SNOWS AT MOUNT VERNON, 
IOWA 


By L. Corrrau 


{Cornell College, Mount Vernon, Iowa] 


Under the direction of Dr. Nicholas Knight, Cornell 
College, Mount Vernon, Iowa, has for the last 20 years 
carried on an analysis of the rain and snow precipitated 
here. The results of much of this work have been pub- 
lished in periodicals of a scientific nature. 

The precipitations are collected in clean granite pans, 
away from trees and buildings, and stored in glass stop- 
pered bottles. The town has no factories and, exclusive 
of the college, has a population of about 1,700. The 
sulphuric acid found comes therefore mainly from the 
coal used in private heating plants. It has been found 
necessary to deduct 3.55 parts per million from the reading 
to allow for the formation of the color in the test for the 
chlorides. The precipitations come from the east or the 
south, which signify that the salt is carried by the winds 
from the Atlantic Ocean or the Gulf of Mexico. Due to 
some criticism special care has been taken in the analysis 
of the chlorides, which, after considerable work, we have 
reason to believe correct. The phenoldisulphonic acid 
method was used with the uitrates. All of the samples 
were colorless. 

The methods used in the analysis are taken from the 
Standard Methods of Water Analysis, sixth edition, pub- 
lished by the American Health Association. 


TABLE 1 
| Rain Free sul | Chi 
precipi- or no - 0- 
sam-| tation, |AMOount| “snow | Nitrates) Nitrites ammo- | fates | rides 
ple 1930 nia 
May. 5 0.6 | Rain... 0.04; 0.0001} 0.056 | Traces. |..-..- 14.2 
2.....| May 6 0. 25 |...d0...4. 0.06 | Traces 0. 04 Traces. |---..- 
June 5 0.06 | Traces. | Traces. | Traces. 15.62 
4,....| June 13 0.32 | Traces. | Traces. 21. 30 
Raced June 14 0. 35 |...do..... 0.64 | Traces. | Traces. | 0.0032 |_.--.-|-..--. 
June 15 3. 0.64 | Traces. | Traces. | Traces. 14.2 
June 25 Wis 0.82 | 0.0002 | Traces. 24. 85 
June 30 0.45 0.64 0.0004 0.054 | Traces. 28. 40 
ee Sept. 25 D. 26 |...do0..... 0.64 | Traces. | 0.08 | Traces. |...-.-|...---. 
10_...| Sept. 26 |...d&...-. | 38. 50 
6 0,25 |...do..... a} 31,95 
13_...| Oct. 16 1.28; 0.001 0. 064 0.931 |0.012 31.95 
14....| Oct. 29 0. 64 | Traces. 7. 75 
15....| Oct. 30 0. 20 |...do._&., 0.56 | 0.0002 | 0.0752] 0.0416 
16....| Nov. 15 0. 25 |...do....- 0.64 | 0.0017 0.08 0.120 (0.044 | 24.95 
17._..| Nov. 16 0.64 | 0.0001 | Traces. | Traces. |.....- 24. 95 
18_...| Nov. 20 D4. 1.28 | 0.001 
19.._.| Nov. 25 4. Snow.... 0.32 | Traces 0. 078 0. 0496 |-.-..- 37. 15 
20....| Nov. 30 0.6 | Rain---- 0.64} 0.0008 | 0.0288 | 0.0160 
21....| Dee. 5 0.32) 0.001 0.0272 | Traces. |...-.- 14.2 
22_...| Dee. 13 5.00 | Snow... 0.64 | Traces. | 0.016 0. 0144 |0.024 | 17.75 
.--.| Dee. 18 4. 0.64 | 0.0006 | 0.0192 0.0048 0.146 |___._. 
24....1 Jan. 18 4, 0.64! 0.0002 | 0.064 0. 00382 |0.428 | 3.55 
-.-| Feb. 6 3. 0.64 | 0.001 0. 144 0.192 (0.218 | 10.65 
26....1 Mar. 7 4, 1.28 | 0.0004 | 0.72 0.04 (0.184) 3.55 
--.-| Mar. 24 0.3 | Rain...- 0.56 | 0.0004 | 0.448 0.98 (0.104) 3.55 
----| Mar. 27 4. Snow 0.64} 0.0004 0.04 0.64 (0.068 | 3.55 
----| Mar. 28 0.48 | Traces. | 0,04 0.04 |1.68 7.10 
30....| Apr. 3 0.0544 | 0.800 0.490 (3.4 7.10 
82__..| Apr. 16 Mo. 1, 28 . | 1.60 0.640 [1.4 3. 55 
33....| Apr. 19 0.74} 0.0001 | 0.52 0.245 (2.00 3. 55 
---.| Apr. 20 66 inh. 0.64 | Traces. | 1.200 0.160 (1.30 3. 55 
---| Apr, 21 OS 0.64; 0.0001 | 0.32 0.136 (3.60 3. 55 
36....| May 5 0.64 0.001 0. 89 0.490 (2.00 7.10 
37....| May 9 0.5 j..-do....- 1.28 | 0.0002; 0.544 | Traces. |2.00 | 3.55 
---| May ll 0.65 | 0.0004 | 0.36 Traces. 70 3. 55 
39....| May 19 O¢: 1.404... 1.28 | 0.0007 | 0.64 7.10 
0.32 | Traces. | 0.04 | Traces. |....-- 7.10 
41__..| June 5 0.25 |...do_...- 10. 65 
June 6 0.75 |..-do..... 0.64 | 0.0001 | 0.08 3. 55 
June 7 0.08 |...do..... 0.64 0.0002) 0.98 Traces, |...... 3. 55 
12 inches of snow=1 inch of rain. 
70396—31 2 


The results of the school year 1930-31 are expressed in 
Tables 1 and 2. The numbers indicate the parts of the 
various substances in a million parts of water. 


TaBLE 2.—Data from Table 1 converted to pounds per acre 
fl inch of rain over 1 acre=226,875 pounds] 


Free am- Albumi- 
No. of sample Nitrates | Nitrites noid am- |Sulphates| Chlorides 
monium 


05. 6725 


54. 45 

94. 380 

26. 080 

36. 288 

20. 421 

62. 370 00, 403 
32. 670 00. 322 
58. 080 02. 359 00. 645 


INTERPOLATION OF RAINFALL BY THE METHOD OF 
CORRELATION ! 


By C. E. Gronsxy 


It was in 1885 that it fell to me, as assistant State 
engineer, to prepare a rainfall map of this State. Records 
were available at 200 or more stations. It was found 
that at a large number of these stations observations had 
commenced in 1871 and that for this group of stations 
the records, covering 14 years and kept under the super- 
vision of railroad employees, were fairly good. There 
were only a few widely scattered places in the State at 
which rainfall records extended back over more than 30 
years. It was, therefore, determined to ascertain from 
each available record the average annual rainfall for this 
14-year period and to let the isohyetal lines on the ma 
represent the average rainfall at any point for this period. 


1 The article by Eric R. Miller under the above title, published in this Revimw, 59: 35, 
has elicited the account herewith of a method of interpolation followed many years ago 
in California by Mr. C. E. Grunsky, of C. E. Grunsky Co., engineers, 57 Post Street, 
San Francisco, Calif. Mr. Grunsky’s letter is given above.—Ed. 
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| 
00. 680 07. 62 Traces, |..........| 01.9312 
Traces. | 02. 268 Traces. 00. 40257 
Traces. | Traces. | 00,244 
Traces. | Traces. | Traces. |......-..-| 09.656 
04. 080 05.508 | Traces, |.........-| 02.896 
01. 70 10. 88 15.827 | 0.0204 05. 44 
09. 639 04. 536 06.804 | 0.025 01. 4175 
22........-.........-...| 03.9765:| Traces. | 01. 488 01.395 | 0.02232 01. 674 
01. 588 04.7936 | 00.2247 | 0.3206 00. 265 
00. 5675 | 08.1868 | 10,89 0.124 00. 6010 
03. 176 53. 928 02.996 | 0.1378 00. 265 
03. 176 30. 464 06. 664 | 0.07072 00. 0414 
03. 176 02. 996 04.794 | 0.0509 00. 532 
06. 3525 pot 
Bin 13.60 | Traces. |..........| 00.604 2 
0. 363 17. 756 Traces. |..........| 00.065 
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When at any station there was no record for some 
individual month, recourse was had to the records at 
near-by stations to approximate the lacking figures. For 
each such near-by control station the relation of the par- 
ticular month’s rainfall to that of the station’s average 
annual rainfall was then ascertained. The 14-year 
period only was taken into account in estimating this 
relation. According to proximity or to similarity of 
topographic and orographic features, the several approxi- 
mations thus obtained always expressed in per cent of 
normal annual rain (in this case the 14-year average), 
were weighted and were then used to establish the missin 
record expressed in percentage of the annual normal. 
This percentage applied to the station normal thereupon 
determined the desired amount in inches. 

At some stations the record covered only a part of the 
14-year period. In each such case the incomplete 
record was compared with the records for corresponding 

eriods at such near-by stations as had complete records. 

he relation established by this comparison was accepted 
as the relation between the normal rain at the particular 
station in question and the normal rain at the control 
station. If several control stations were brought into 
consideration the several individual results were weighted, 
as explained, not by methods of least squares, but accord- 
ing to personal judgment, and the result was accepted 
with confidence. 

It is to be noted, however, that the relation between 
the amounts of rain at near-by stations is much more 
likely to be fairly constant in California where the rain 
producing cyclones are generally of vast extent than 
would be expected where much rain falls during storms 
which cover only small areas. 

Any refinement of calculation to give better results 
than can be obtained by the foregoing simple method is 
never warranted. This will appear olen it is considered 
that the best that can be done is to secure an approxima- 
tion. The records of the past are, moreover, generally 
required to serve only as a basis for a prediction of what 
may be expected to happen in the future. There is, 
furthermore, always so much uncertainty in the premises 
that no intricacy of calculation can give any more depend- 
able results than the simple comparison above described. 


TESTS OF RAINFALL-INTERPOLATION METHODS 


Eric R. MILLER 
[Weather Bureau, Madison, Wis.] 


The results of applying to some difficult cases the 
method of interpolation of rainfall data recommended in 
the MontHity WraTHER REVIEW, January, 1931, may be 
of interest to meteorologists on account of the light thrown 
on some unusual rainfall phenomena. 

Figure 1 is a scatter diagram showing the correlation of 
the monthly rainfall in June for 33 years between 1895 
and 1930 at Center Hall and State College, Pa., about 
10 miles apart. The correlation coefficient for all cases 
is 0.52; excluding the cases of 1909, 1922, 1930, it is 0.84. 
Examination of the records shows that local downpours 
occurred at one or other of the stations in the excluded 
cases. 

A similar diagram for June rainfall, 34 years between 
1888 and 1930, for Titusville and Merritts Island, Fla., 
17 miles apart, Figure 2, shows that the incoherence that 
affected only 3 of the 33 cases in Pennsylvania has here 
spread to the whole group. In spite of this, the wider 
range of values gives a higher coefficient, 0.61. 

A third type of correlation, close for small values, dis- 
persed for large, is shown in Figure 3, January rainfall, 
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20 years, 1897-1916, Campbell and Boulder Creek, Calif. 
About 15 miles apart, chosen on account of the large dif- 
ference in their average January rainfalls, 4.07 and 14.65 
inches, respectively. 

Mr. C. E. Grunsky, the well-known engineer, has sug- 
gested comparison of the regression method of estimating 
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Figure 1.—Scatter diagram showing correlation of monthly total 
rainfall for June for 33 years 
rainfalls with a method that he devised in 1885 when, as 
assistant State engineer of California, it devolved upon 
him to prepare a rainfall map of the State. The basis of 
his method is the assumption that the ratio of rainfalls 
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FiGuURE 2.—Scatter diagram showing correlation of monthly total precipitation for 
June, 34 years 


at neighboring stations is always the same as the ratio of 
the normals. 

The regression equations minimize the sums of the 
squares of the deviations of the observed rainfalls from 
the computed. A suitable test of Mr. Grunsky’s method 
consists in comparing the deviations of computed from 
observed rainfalls by the two methods. 
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The regression equations shown in the figures as con- 
tinuous lines are: 


y=0.84 X 0.54 on State College (1909, 1922, 1930 ex- 
cluded). 

y=0.57 X3.03 Titusville on Merritts Island. 

y=3.11X1.99 Boulder Creek on Campbell. 
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Campbell, Cal. 
FicurE 3.—Correlation of January rainfall, 20 years 


where the amounts are in inches of rain per month. 


The equations representing Mr. Grunsky’s method are: 


y= 0.995 X 
y=1.015X 
y=3.60X 


and these appear on the diagrams as dotted lines. 
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The results of the comparison are as follows: 


Sum of Stand- Maxi- 
squares of | ard devi- Bog mum de- 
deviations | ation viation 

Center Hall: 
22. 3470 0. 86 0. 59 0. 75 1. 85 
29. 0337 -97 67 77 1. 88 
6. 6867 -ll . 08 .02 08 
Titusville: 
316. 3134 3. 05 2. 08 2.17 8.14 
329. 1524 3.11 2.13 2. 39 7.79 
12. 8390 . 06 05 22 —.35 
Boulder Creek: 
527. 7698 5.14 3. 55 3. 80 12. 
577. 5369 5. 37 3. 72 3. 91 12. 60 
49. 7671 .17 ell 07 


These results indicate that Mr. Grunsky’s method is 
satisfactory for practical purposes, with the advantage of 
eliminating a great deal of arithmetical work. The 
normals should be based on simultaneous data. 

The preparation of a scatter diagram is not very labori- 
ous, and affords valuable information about the closeness 
of correlation. 


HIGH FLIGHTS OF SOUNDING BALLOONS ! 
By E. FRANKENBERGER 
[Deutsche Seewarte Hamburg] 


The author expresses the fact that most of our knowl- 
edge of the composition of the stratosphere is gained by 
indirect methods, and that it would be valuable if air- 
soundings, with direct measurements, were made to 
heights of over 30 km. 

In the spring of 1929 the meteorological experimental 
bureau of the Deutsche Seewarte undertook to solve the 
problem of getting measurements at high altitudes b 
systematic sounding balloon flights. Mathematical cal- 
culations of the forces of expansion in partially elastic 
balloons were made, and by research the elastic qualities 
of balloon rubber and the most favorable amount of gas 
for sounding balloons were determined. As a result, a 
sounding balloon on November 2, 1929, reached a height 
of 35 km. 

The question of the dependence of thermometer lag on 
the rate of ascent is taken up and also the problem of 
ventilation. The author says that the condition for 
attaining the greatest altitude is that the balloon rise 
until is reaches its floating level and then burst. To 
accomplish this it is stated, they must be inflated so that 
they rise slowly in the lower levels and that this slow 
vertical motion (180 to 240 m. per minute) gives poor 
ventilation. Thus the true temperatures must be cal- 
culated from the indicated temperatures by the use of 
thermometer lag factors. Investigations into the depend- 
ence of thermometer lag on air densities and ventilation 
are in progress for the tropospheric air densities and are 
under consideration for the small air densities of the 
stratosphere. 

Five balloons 2,500 mm. (98 inches) in diameter were 
specially prepared for high flights during the international 


1 Analen der Hydrographie und Maritimen Mwteorologie, Jan., 1931, pp. 20-22, 
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month of September, 1930. The days with high flights 
were the 8th, 13th, 14th, 24th, and 25th. 

Computation of the record of September 8 gave a 
maximum altitude of 35.9 km. A small Bosch instru- 
ment was used and due to the multiple adjustments of 
the pressure element, a deflection of a few tenthsjofja 
millimeter of the pressure pen would produce anjerror 
+3 km. in the maximum altitude. Calculating the 
height only from the hydrogen filling, the size of the 
balloon, and from the bursting point and elasticity of the 
balloon rubber, a maximum altitude of 33 km. is ob- 
tained. Also, in favor of the maximum altitude of 33 
km. is the fact that with it the rate of ascent in the upper 
levels is constant, while a maximum altitude of 35.9 km. 
gives an improbable increase in rate of ascent in the 
highest level. 

On September 13 the balloon was equipped with a 
large Bosch instrument. For this instrument the maxi- 
mum altitude of 26.5 km. is probably not more than 
+0.5 km. in error. This balloon burst prematurely, 
due possibly to strain caused by the greater weight of the 
instrument. 

September 14 another small instrument was sent up. 
It entered a cold current at 24 km. and the balloon 
stopped rising for a time, then went up again and burst 
at 32.5 km. The pressures and temperatures of the 
higher layers were obtained from the descent record. 

he ascents on the last two days did not reach the 
desired heights. 

The nine flights in September, 1930, reached a mean 
maximum altitude of 23 km. It is possible to reach 
altitudes of over 30 km. only with great care and con- 
siderable expense. 

The results of these high flights together with the 
higher Hamburg flights from 1926 to 1930 are to be 
published soon. These results show that an increase of 
temperature at heights over 30 km. can not be firmly 
established. The three highest flights of September, 
1930, show minimum temperatures of about —55° C. 
at about 12.5 km. and temperatures approximately 8° 
higher at the maximum altitudes. This might be partly 
due to insufficient ventilation and radiation effect. 

The results of the September flights indicate that for 
further work, investigation should be made into air 
density and ventilation effects on temperature measure- 
ments and the following problems are to be solved: (1) 
Improvement of the pressure measurements; (2) improv- 
ing the quality of rubber; (3) development of a connect- 
ing apparatus whereby the weight of the instrument is 
distributed evenly over the balloon.—Translated and 
abstracted by J. C. Ballard, U. S. Weather Bureau. 


AGREEMENT FOUND IN RECORDS OF FERGUSSON SOUND- 
ING-BALLOON METEOROGRAPHS 


By L. T. Samvgets 
[Weather Bureau, Washington] 


During the series of sounding-balloon observations made 
at Royal Center, Ind., during February, 1931 (interna- 
tional month), two meteorographs were attached to the 
same balloon in a few instances in order to determine the 
agreement between the individual records. Also, on a 
few days sounding balloons were released shortly before 
and shortly after sunset in order to determine any pos- 
sible effects of insolation on the meteorograph. 

In Figure 1 are shown the temperature-altitude graphs 
of an observation made February 7 when two meteoro- 
graphs were attached to the same balloon. Meteoro- 
graph No. 693 was hung about 80 feet below the balloon 
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and No. 679, about 15 feet lower. The ascensional rate 
averaged 215 meters per minute up to 9 km. and 187 
meters per minute to the highest altitude reached, viz, 
17km. Each of the records was computed independently 
and an inspection of the graphs (fig. 1) shows very close 
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Figure 1.—Temperature-altitude graph of so » ing-balloon observation using two 
meteorographs 

agreement. It will be noted that at no point does the 
temperature recorded by both instruments differ by more 
than 3° C. Two marked inversion layers are show? 
between 1 and 2 km. and between 3 and 4 km., respec- 
tively. The height of the base of the stratosphere agrees 
to within 300 meters, or 3 per cent. The variations 0 
lapse rate in the stratosphere are in striking agreement. 
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The relative humidities are likewise found to be in very 
close agreement. The greatest difference at any particu- 
lar level was 10 per cent, while in most cases the difference 
was considerably less. 

The general agreement found in the other cases where 
two instruments were attached to the same balloon was 
of the same order as that shown in Figure 1. 

Figure 2 shows the temperature-altitude graphs of two 
observations made on February 2, with an interval of 
Temperature (‘C) 
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Figure 2.—Temperature-altitude graph of two sounding-balloon observations made 
1 hour 23 minutes apart 


1 hour and 23 minutes between them. The first balloon 
carrying meteorograph No. 577 was released at 3:55 p. m. 
(C. S. T.) (69 minutes before sunset), and the second 
balloon with meteorograph No. 666 at 5:18 p. m., or 14 
minutes after sunset. 

_ The agreement between the two graphs, it will be seen, 
is strikingly close up to the base of the stratosphere. 
The latter is found to be 1 km. higher at the time of the 
second observation. At least a part of this difference 
can be attributed to an actual change in atmospheric 
conditions since the descent portion of the record of the 
first observation indicated the stratosphere to be about 
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200 meters higher than on the ascent. A rise in the strato- 
sphere would be expected from the fact thata high pressure 
area was moving in rapidly over Royal Center at the time. 

It is evident that no vitiating effects from insolation 
resulted. 


WHY THE READINGS OF THE MERCURIAL BAROMETER 
ARE CORRECTED FOR BOTH TEMPERATURE AND LATI- 
TUDE AND THE READINGS OF THE ANEROID BAROM- 
ETER LEFT UNCHANGED 


By W. J. HompHreys 


[Weather Bureau, Washington] 


It is an old story, of course, why we correct the read- 
ings of the mercurial barometer for both temperature and 
latitude and those of the aneroid for neither. Never- 
theless, it may be worth telling again, since there is no 
convenient literature to which one can refer for an answer 
to this frequent question. 

The aneroid barometer, a vacuum chamber with a 
flexible top attached to a movable index, responds only 
to changes in pressure, because the elastic reaction of 
its inclosed compressed spring that keeps the top from 
collapsing is practically independent of temperature, 
within the range of ordinary weather, and wholly inde- 
pendent of gravity. The pressure reading of the aneroid 
therefore needs no correction, save only that which 
mie be necessary to make it agree with that of a stand- 
ard instrument under the same conditions. 


The mercurial barometer, on the other hand, a vertical 

glass tube sealed at the top, partly filled with mercury 
(vacuum above) and its open lower end dipping into a 
basin of mercury exposed to the air, balances, not the 
pressure of one fluid against a standard spring, as does 
the aneroid, but the pressures of two fluids against each 
other where they come together—in this case the pressure 
of the mercury against that of the air at their interface 
in the basin. Now, the pressure exerted by the mercury 
obviously increases directly with the vertical distance 
between its two surfaces; that is, with the ‘‘height”’ of 
the barometer, with the density of the mercury, and with 
the gravity pull per unit mass. But the density of the 
mercury varies with its temperature and the gravity pull 
with both latitude and height above sea level. Hence 
to find the actual pressure of the air from the current 
height of the barometer it is necessary to alter the read- 
ing to what it would be at some standard temperature 
(in addition to the similar correction for scale expansion) 
and standard gravity. 
h Why, though, this special interest in the pressure of 
the air rather than the mass of it overhead, for instance? 
Because the thing that makes the winds to blow, and 
thus effects weather transportation, is not primarily in- 
equalities in the mass distribution of the air, but differ- 
ences between the niente pressures of neighboring 
places at the same level. This is why we commonly 
want the readings of our barometers to be in terms of 
actual pressures, or their equivalents, and thatis why 
ordinarily the readings of the mercurial barometer are 
corrected for temperature and for latitude (gravity) and 
why the readings of the aneroid are left unchanged. 

If, however, one had occasion to measure, or compare, 
the masses of air overhead at different places, as he 
might in the study of solar radiation, he would need to 
correct the readings of the aneroid barometer for latitude 
(gravity) and not the readings of the mercurial barometer. 
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A COMMON HUMIDITY ERROR 


By W. J. Humpureys 
(Weather Bureau, Washington] 


Many people who should know better seem to have 
surprisingly vague if not even confused ideas about 
humidity, and where there is much smoke there generally 
is some fire. Those who have to do with the measure- 
ment of humidity would insist, if questioned, that they 
know perfectly well what the terms “‘absolute humidity” 
and ‘‘relative humidity” properly mean. Perhaps they 
do; nevertheless many, if they should condescend to 
answer at all, would say, in substance, that absolute 
humidity is the mass of water vapor present per unit 
volume of the air, and relative humidity the ratio of the 
amount of water vapor present to the amount necessary 
to saturate the air at the same temperature. 

That sounds familiar and orthodox, but it reveals 
confusion at best, for the air has nothing to do with 
either absolute humidity, properly defined as the mass 
of water vapor per unit volume (of space, not air), or 
relative humidity—the ratio of the mass of water vapor 
present per unit volume (of space) to that which would 
saturate a unit volume at the same temperature. Be 
certain not to add ‘“‘and same pressure,’”’ which we some- 
times hear, for that refers to the atmosphere, which, as 
just stated, has nothing to do with the phenomenon in 
question. 

There is, however, one very useful humidity concept 
that does involve the air, namely, the mass of water vapor 
per unit mass of humid air. This is called ‘specific 
humidity.” 

But entirely apart from definitions we often see and 
hear expressions about the air taking up water vapor 
and about the great avidity of warm air for water vapor. 
Now, as a matter of fact, the air does not ‘take up” 
water vapor—it is not a sponge; and warm air has no 
avidity, chemical or other kind, for water vapor. All the 
air does in this connection is to slow down the rate of 
evaporation and diffusion. It is not the air but the space, 
air or no air substantially alike (a shade better without 
the air), that has the vapor capacity. Neither is it the 
temperature of the air but the temperature of the vapor 
(again air or no air) that determines the amount of water 
vapor per unit volume necessary to produce saturation. 

Most of us say the air takes up water vapor. Let us 
forget it, if we can, and say space instead, as that is what 
we mean, if we understand the phenomenon aright. 


TEMPERATURES IN THE HIGHER LAYERS OF THE STRATO- 
SPHERE OVER LINDENBERG 


By J. Recer 


{Published in Beitriige zur Physik der freien Atmosphire, XVII Band, Heft 2, pages 
176-178. Translated and abstracted by J. C. Ballard, Aerological Division, Weather 
Bureau, Washington, D. C.] 

In making this study of temperatures in the strato- 
sphere the author has chosen a total of 123 sounding- 
balloon flights, 81 of which were made in the last four 
years and the remainder in earlier years. No flights in 
which the clock stopped prematurely, or which failed to 
reach a height of at least 17 kilometers, were used in the 
study, and since temperatures in only the upper levels 
were to be considered, the 14-kilometer altitude was 
chosen as the starting point. 

Two tables of observed data were compiled and sum- 
marized. Some of the more interesting points brought 
out are as follows: 

(1) The yearly means indicate an almost constant 
temperature from 14 to 16 kilometers and thereafter a 
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slow increase, the mean values at 20 kilometers being 
1.43° C. higher than at 14 kilometers. 

(2) In winter there appears to be a mean decrease of 
2.57° C. from 14 to 20 kilometers. 

(3) In summer the mean values indicate the tempera- 
ture at 20 kilometers to be 4.27° C. higher than at 14 
kilometers. 

(4) The means of seven flights made in summer and 
autumn near or after sunset give temperatures at 20 kilo- 
meters 1.04° C. lower than those at 14 kilometers. 

(5) The means of 10 summer flights made near mid- 
day show an increase of 5.01° C. from 14 to 20 kilometers. 

Points (2) and (3) would seem to indicate a seasonal 
variation in temperature between 14 and 20 kilometers. 
However, the author brings out the fact that the starting 
time for the greater part of the flights was about 8 a. m., 
and since there is considerable seasonal difference in the 
altitude of the sun at this time, the increase may be due 
to insolation effect. He thinks this theory is supported 
by points (4) and (5), which indicate a diurnal variation 
of about 6° C. between noon and evening at 20 kilometers, 
while the mean temperatures at 14 kilometers differed 
very little. It is his opinion that there is probably no 
diurnal variation at 20 kilometers and that therefore 
most of the increase in temperature from 14 to 20 kil- 
ometers must be due to insolation effect. 

Therefore, the conclusion is reached that sounding- 
balloon flights should be made during a lower sun if 
possible. If this were done, reliable observational data 
would eventually be collected for great heights where the 
ventilation, measured in terms of air density X vertical 
speed of ascent, is small. It is obviously important that 
the insolation effect be negligible where the ventilation 
is poor. 

Remarks by abstracter.—The investigation of ventila- 
tion and insolation effects on indicated temperatures in 
the higher levels is very important, as all temperature 
records in the stratosphere are open to question when 
considered in this light. In the determination of ventila- 
tion effect on the temperature element the importance of 
testing under reduced pressure should not be overlooked, 
since the ventilation at small air densities must be poor 
even with a rate of ascent which would be favorable in 
the lower levels. If it is found impracticable or impossible 
to maintain sufficient ventilation in the upper levels by 
increasing the rate of ascent, it may be necessary to make 
all sounding-balloon flights after sunset, as suggested by 
Mr. Reger. Even under these circumstances it may be 
found necessary to compute by an empirical formula the 
true temperature from the indicated temperature, rate of 
ascent, and air density.—J. C. Ballard. 


RUBENSTEIN’S CLIMATIC ATLAS OF THE U. S. S. R. 
Reviewed by C. F. Brooks 


The temperature section, Part I, Section I, of Eugenie 
Rubinstein’s atlas of the climate of U. S. S. R.,' includes 
detailed monthly and annual maps of sea-level tempera- 
tures; mean annual range; the progress of the mean 
isotherms of — 5°, 0°, 5°, 10°, and 15°C. in spring and fall 
by 10-day intervals; the number of days in the year with 
daily mean temperature over —5°, 0°, 5°, 10°, 15°; 
differences of the successive monthly means of tempera- 
ture; and two plates including graphs of the monthly 
course of temperature at 28 stations. 


1 Eugenie Rubinstein, Klima der Union der Sozialistischen Sowjet-Republiken. 
Teil I. Die Lufttemperatur. Lieferung I. Monatsmittel der Lufttemperatur im 
Europdischen Teil der U. S. S. R., Geophysikalisches Zentral-Observatorium, 
Leningrad, 1927, 45 maps and diagrams, 40 by 52 cm. 
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The sea-level temperature maps show strikingly the 
gradients in temperature along the coasts, which in 
winter are particularly steep along the Murman coast 
and the northeastern shore of the Black Sea. In spring 
the contrasts in the south are much diminished, but in 
the northeast they are very great indeed, amounting in 
April to 12° C. in 7}° of latitude, or 1.6° C. (2.9° F.) per 
latitude degree. The summer months show striking 
contrast (about 6° C. difference in July) between the 
chilly Arctic coast and the northern tundra. The 
larger lakes show a 2° or 3° C. excess of temperature 
relative to land in autumn and an equal deficiency in 
early summer. The annual range is under 20° on the 
western Arctic coasts, but 27° to 30° only 50 miles from 
the northern shore. In eastern and southeastern Russia 
the range is 34° to 39° C. 

The advance of spring and fall as shown by the five 
isothermal maps for different temperatures indicate strik- 
ingly how spring bursts upon the plains of central Russia 
and how suddenly winter sets in. In central Russia the 
— 5°, 0°, 5°, and 10° isotherms advance 400 to 700 miles 
in 10 days in spring, but not quite so fast in fall. In the 
north, however, the advance is slowed to 100 miles in 10 
days. Correspondingly, the changes in temperature 
from month to month reach large values in spring and 
fall, mostly 7° to 11° for April to May and 6° to 9° for 
September to October. 

The maps of frequencies of days above certain tem- 
peratures indicate great differences, especially in the 
number of days over 15° C., which might be called mild 
days. These range from 150 in the Crimea to 100 about 
latitude 52°, 50 at latitude 61°, and 0 at latitude 65°. 

The maps are clearly presented, being black lines on a 
light brown hachured base, with blue for water (two 
shades, for shallow and deep). The scale is ample and 
the isothermal interval, 1° C., small enough for all 
required detail. 


THE DRY SEASON OF THE PANAMA CANAL 
By R. Z. Krrxpatrick, Chief of Surveys 
[Balboa Heights, C. Z., May 25, 1931] 


1. The drawing on the opposite page is historical of 
the beginning and ending of the Canal Zone’s dry seasons 
since American occupation. 

2. It will be noted that there are considerable varia- 
tions; but an approximate average is: Beginning Janu- 
ary 1, ending May 5; length, 4 months 5 days. 

3. The inset curve indicates the number of lockages 
Gatun Lake’s available storage would have provided, 
after allotting 1,700 c. f. s. for making hydroelectric 
power, during each year since the canal began operation 
in 1914. It is evident that the Madden Dam and 
Reservoir (happily under construction) will be needed to 
tide over very dry seasons, and that the contemplated 
new locks and storage reservoir will take care of traffic 
needs until many decades from now. 


THE CLEVELAND, OHIO, STORM, JUNE 26, 1931 
By G. Harotp Noyss 


A violent storm, with resulting heavy damage, occurred 
during midday in Cleveland on June 26, 1931. 

Distant mutterings of thunder had been heard during 
the preceding night beyond the Lake Erie horizon, with 
lightning showing behind the peaks of distant cumuli. 
The 8 a. m. observation of the 26th did not show any 
notably unusual conditions, other than its being oppres- 
sively warm, with temperature of 80° and relative 
humidity of 74 per cent. With the rising of the sun, tem- 
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peratures moved upward to correspond, and the wind 
shifted from west to southward at 7:55 a.m. Later 
developments, however, led to the conclusion that even 
before 8 o’clock a great convectional disturbance was 
accumulating over Lake Erie to the west-northwestward 
of Cleveland. Cloud cover increased very rapidly, com- 
mencing at 8 o’clock; the sun was obscured at 8:04 a. m., 
and a gentle shower began at 8:29 a. m., the wind at that 
time shifting from southwest through west for 3 minutes, 
into northwest for 12 minutes, thence into north for 20 
minutes, northeast for 30 minutes, then east for 22 
minutes, then back to north for 6 minutes; the winds 
were a little gusty, but not rising above 18 miles per hour. 
Meantime the gentle shower continued, and temperature 
dropped from 80° to 71°. The barogram showed a slight 
notch, down and up, immediately after 8 o’clock. Dis- 
tant thunder was heard at intervals from 7 a. m. on. 
Between 9 and 10 a. m. the activity of the lower clouds 
was confused, but highly significant of later develop- 
ments. Detailed movements in four levels were observed, 
reading down: From west-northwest and west, north, 
and at lowest level varying rapidly from northeast, 
east, and east-southeast. At 10:36 a. m. gentle rain 
suddenly became excessive, amounting to 0.28 inch in 
about 542, minutes, with wind remaining under 12 miles 
per hour. This rainfall catch was excellent. At 11 a.m. 
rain again reached a rapid but not excessive rate, with 
wind not rising above 15 miles per hour, mostly from the 
southeast. From 10 a. m. to 1 p. m. the barometer 
showed marked activity ;from 10:10 to 10:20 there wasa 
quick fall and rise; from 11 to 11:30 it fell 0.06 inch, then 
commenced rising, and rose about 0.15 inch by 1 o’clock. 


During this period the brunt of the storm swept over the- 


city from the lake. At 11:49 a.m. the storm broke, the 
wind rose from 8 to 12 miles per hour in less than a 
minute to 56, with an extreme of 64 at 11:52, and rain 
commencing at excessive rate and continuing to 12:10 
p. m., and the wind continuing above 45 to 12:15, the 
rain catch, therefore, at this period was considerably 
deficient, but was recorded as 0.41 in 15 minutes. The 
wind, rain, and ligthning during this period, immediately 
before and after noon, did severe damage. Lightning 
struck in many places; two men were killed outright and 
buildings damaged, and several electric circuits were 
burned out. The wind blasted shrubbery and foliage, 
uprooted trees, and broke off limbs, so that damage of 
this sort was widespread throughout the city, and thence 
to the eastward into the next county. The rainfail was 
at such rate that watercourses, both natural and those 
recently constructed, were inadequate to carry the run- 
off. In nearly all down-town localities there was little or 
no flooding, but in eastern parts of the city and suburbs 
underpasses were flooded, stopping traffic, cellars filled, 
culverts were washed out, and road surfaces and curbs 
undermined. Some insecure buildings were razed by the 
wind, and many plate-glass windows on the south side 
of Public Square were blown in. Windows in many 
scattered sections were broken, and this was followed by 
rain damage. Hail fell from 10:36 to 10:39 a. m., the 
ore being up to three-eighths inch in diameter; the 

ail was unimportant and any damage therefrom was 
obliterated by the more serious damage a short time later. 
The pellets were flattened, showing concentric layers, 
finely traced. Precipitation from hail was probably not 
over a trace. The margins of the storm reached into 
central portions of the State, with greatly weakened 
energy, and as its maximum focus advanced eastward, or 
east-southeastward, into Pennsylvania it rapidly dimin- 
ished in force. It was felt only slightly at Erie, Pa., and 
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little, if any, at Buffalo, N. Y. The western margins of 
the storm were near Sandusky, without damage. 

Storm-sewer construction and catch basins in the areas 
immediately near Public Square appeared to be adequate 
for the run-off of this storm, but in the highlands and 
eastern suburbs, either the recent construction of water- 
courses and their resultant constriction is woefully under- 
sized, or else the rain in that region was much greater than 
down town. 

The loss, according to newspaper headlines, was in the 
millions. 

A TORNADO IN NEW MEXICO! 
By C. E. Linney 
[Weather Bureau Office, Santa Fe, N. Mex.] 


Just about a year after a destructive tornado struck 
Wagon Mound, Mora County, N. Mex., a second tornadic 
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storm was observed to form on June 5, 1931, near the 
small village of French, Colfax County, about 35 miles 
northeast of Wagon Mound. This second tornado moved 
slowly east-southeast through a thinly settled country, 
doing but relatively little damage by reason of the 
sparsely settled country. It passed into and across 
Union County, doing quite a bit of damage to buildings 
and causing the death of a 3-year-old girl by an out- 
building crashing upon her. The property loss in the 
Gladstone district is estimated at about $1,500 and in the 
Barney and Sedan districts about $10,000 and $20,000, 
respectively. 

The tornado was under observation during its entire 
course of about 90 miles. It dissipated after crossing 
the Texas border. 


1 Condensed from the original.—EZd. 
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Welter, L. 
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SOLAR OBSERVATIONS 


SOLAR RADIATION MEASUREMENTS DURING JUNE, 1931 


By Hersert H. Kimsatt, In Charge Solar Radiation Investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January, 1931, 
REVIEW, page 41. 

Table 1 shows that solar radiation intensities averaged 
above the normal intensities for June at Washington and 
below the June normals at Madison and Lincoln. 

Table 2 shows an excess in the total radiation received 
on a horizontal surface as compared with the normal 
amount for June at Washington and New York; close to 
normal at Lincoln, Gainesville, and La Jolla; and a de- 
ficiency at all other stations for which normals have been 
computed. 


TaBLEe 1.—Solar radiation intensities during June, 1931 


[Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 


| | 
| 707° 60.0° | 0.0° ‘cour | 76.7 78.7° | Noon 
Ai 
Air mass 
Date 75th | Local 
time AM 
| 
e. 5.0 | 40 | 30 | 20 
mm. | cal. | cal. | cal. | cal. 
June 4....... 10. 068) 6.92) 
June 9- - ---| 0.69) 0.82) 1.00 
June 17. ....... et 0.70 0.95: 1.15 
June 10. 59)... 0.69, 0.84 1.02 
June 19_..--.-- 0.62, 0.74) 0.95 
June | .12 
June 30---- .10 
Means..--- . 02) 
Departures 09 | 
| | 
Madison, Wis. 
June | 6.76, 0.81} 0.87] 0.99, 1.17) | 6.02 
June 26... .---| | 20. 57 
June 30_..._--- 0.61) 0.75, 0.88 16. 20 
Lincoln, Nebr. 
| 
| 15. | 0.59! 0.73] 0.95; 1.21) 1.06! 0.89) 15. 65 
| 16.79)...... 0.80 0.93) 1.04 1.21) 1.02) 16. 20 
June 3........ | 1.06] 0.89) 16. 20 
| 16. 20)......| 0.78, 0.92} 1.11) 1.32) 1.03) 0.86) 15. 11 
June | 16.79|...-.-| 0.64! 0.78] 1.00) 15. 65 
June 15. 65|.....- O78 GO 14. 10 
| 0,70; 0.83) 1,03) 1.27) 1,04) 0,85) 
06 —0, 09| 06|—0, 07) —0, 05|—0, 05|—0. 


1 Extrapolated. 


Skylight polarization measurements obtained on five 
days at Madison give a mean of 54 per cent, with a maxi- 
mum of 61 per cent on the 8th. At Washington, meas- 
urements obtained on three days give a mean of 59 per 
cent, with a maximum of 64 per cent on the 4th. These 


are above the corresponding June averages for Washing- 
ton. At Madison the values are slightly below the cor- 
responding averages. 


TaBLe 2.—Total solar radiation (direct+ diffuse) received on a hori- 
zontal surface 
[Gram-calories per square centimeter] 


AVERAGE DAILY TOTALS 
Week begin-| | 2 
& a = 
cal, cal. cal.| cal. | cal. | cal. | cal. | cal. | cal.} cal. | cal.|cal. 
June 4______- 501 391) 463 294; 333) 626 411) | 606 389) 655) 510 
June 475 539) 559) 659 500} 457! 707 422) 532) 384 
June 18...... 574 467} 605 442} 480) 626 495} 506) 693 462) 556) 244 
June 25__.._- 630) 582} 618) 440} 509) 716 394) 453) 761 466) 654) 283 
; DEPARTURES FROM WEEKLY NORMALS 
1l...... —24 +42) +20 +17) —29| —2 +13) —43) +11 |) 
June 18__.__- | +489) +41) +281 +70] +2] +37) 
35... ... +106 +41) +29 +9) +90) +15 —92) +35 
Excess or de- | 
ficiency | 
since first | 
of year on | 
suiy i, | 
+1, 461 —4, —1, 128) —534) —315]—2, 


1 §-day Mean. 


POSITIONS AND AREAS OF SUN SPOTS 


{Communicated by Capt. J. F. Hellweg, Superintendent United States Naval Observa- 
tory. Data furnished by Naval Observatory, in cooperation with Harvard, Yerkes, 
Perkins, and Mount Wilson observatories. The differences of longitude are measured 
from central meridian, positive west. The north latitudes are plus. Areas are cor- 
rected for foreshortening and are expressed in millionths of sun’s visible hemisphere. 
The total area, including spots and groups is given for each day in the last column.]} 


| hi 
| Heliographic Area Total 
Date stand- ao 
ard civil! Dist. | Longi-| Lati- | ot each 
© | long. | tude | tude | Sroup) Gay 
1931 h m ? ig 

June 1 (Mount Wilson)-----.---- 10 40 |—57.0 | 106.5 | +6.0 |__._.. an 
—51.0 | 112.5 | +8.0 
+30.0 | 198.5 | —9.0 |_.__-. 6 325 
June 2 (Naval Observatory) 10 59 |—40.0 | 110.2 | +5.0 
+40.0 | 190.2 | —6.0 |____.. 31 185 
June 3 (Naval Observatory) _----- 7 |—26.0 | 110.9 | +5.0 | 
—20.5 | 116.4 | —8.0 

+56.0 | 192.9 | —7.0 |_...-- 15 
June 4 (Naval Observatory) 10 56 |—12.5 | 111.2 | +5.0 216 216 
June 5 (Naval Observatory) 11 42 | +2.5 | 112.6 | +6.0 |_____- 278 278 
June 6 (Naval Observatory)... 10 58 |+16.0 | 113.3 | +6.0 |......) 278 278 
June 7 (Naval Observatory) 10 43 |\—20.0| 64.2) 
+31.0 | 115.2 | +5.5 |_..-.. 355 358 
June 8 (Naval Observatory) |-+47.0 | 117.7 +5.0 185 185 
June 9 (Naval Observatory) 42 |+17.0| 74.1 |+10.5 
+54.0 111.1 | +4.5 
+70.0 | 127.1 | +6.0 |_..__. 62 201 
June 10 (Mount Wilson) 13 15 |+20.0/ 63.1 |—10.0 
+70.0 | 113.1 | +65.0 
+85.0 | 128.1 | +6.0 BP Lcexndt 116 
June 11 (Naval Observatory) 10 36 |+43.0 | 74.3 |+12.0 
+80.0 | 111.3 | +4.0 62 
June 12 (Naval Observatory) 1 |+55.0| 72.8 |+13.5 6 
June 13 (Naval Observatory) 11 562) +8.5| 12.6] —3.5 |... 46 46 
June 14 (Mount Wilson) 11 30 |+78.0 |} 69.01 —8.0 42 42 
June 17 (Mount Wilson) 17 15 |+26.0 | 334.2 |—12.0 4 
June 18 (Mount Wilson) 9 10 |+35.0 | 334.4 |—12.0 4 
June 19 (Naval Observatory) 10 54 | +2.5 | 287.7 | —0.5 15 15 
June 25 (Naval Observatory) ___-- 10 47 | +2.0 | 207.9 | —1.5 |_.___- 31 31 
June 26 (Mount Wilson) 18 15 |—65.0 | 123.5 | +3.0 7 
June 27 (Naval Observatory) __--- 10 47 |—30.0 | 149.4 | —2.5 RR 9 
June 28 (Naval Observatory) 10 55 |—18.0 | 148.1 | —2.5 12 
June 29 (Naval Observatory) ll 3 |—75.0| 77.8 | +6.0 138 |.----- 
—72.0| 80.8 |—10.0 62 | 185 
June 30 (Naval Observatory)....- 10 54 |—62.5| 77.1 | +6.0 |_..--. 108 |------ 
—59.0) 80.6) —9.5 170 
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JUNE, 1931 
AEROLOGICAL OBSERVATIONS 


[The Aerological Division, W. R. Greae in Charge] 


By L. T. 


Table 1 contains data for only three stations, aerological 
observations having been discontinued at Broken Arrow, 
Okla., and Groesbeck, Tex. It will be noted that free- 
air temperatures were above normal at the two northern 
stations, viz., Ellendale and Royal Center, and below 
normal at Due West. The positive departures increased 
with altitude, being greatest between 2,000 and 3,000 
meters elevation. 


TABLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during June, 1931 


TEMPERATURE (°C.) 


Due West, Ellendale, N. | Royal Center, 
8. C. (217 Dak. (444 Ind. (225 
meters) meters) meters) 
Altitude (meters) m. s. 1. 
Depar- 
ure ure ture 
Mean from Mean from Mean from 

normal norma] normal 
24.5) —0.9 21.4) +2.7 23.0 +1.2 
19.6 | +0.2 19.4) +41 19.5 +3.9 
16.0 0.0 17.8) +5.1 16.6 +3.8 
12.5 —0.2 15.1 +5.3 14.0 +3.8 
5.6 -—0.9 8.4 +4. 3 8.9 +4.1 
—2.4 —2.3 2.2 +3.8 2.7 +2.9 
—8.4 —4.1) +3.4 -3.1 +3.6 

RELATIVE HUMIDITY (%) 
65 —2 65 —4 69 +1 
55 0 61 +11 53 +2 
VAPOR PRESSURE (mb.) 

19.74 | —0.86 | 16.82 | +1.53 | 20.54] +3.22 
17.22 | —0.83 16.30 | +1. 48 17. 96 +3. 08 
13.98 | —0.99 | 12.20! +0.47/| 14.96] +2.47 
11.73 | —0. 81 10.05 | +0.62 | 12.78] +2.51 
9.47 | —0. 71 8.41 | +0.81 | 10.74 | +2.84 

7.21 | —0.99 7.17 | +0.91 8.86 | +3. 1 
5 —0.77 6.11 | +1. 28 7.39 | +3.10 
—0. 28 4.14 | +1.03 5.39 | +3. 21 
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The relative humidity departures were mostly small 
and negative except at Royal Center, where positive 
departures occurred with positive temperature departures. 
This condition is evidently significant in connection with 
the large amount of precipitation for the month at Royal 
Center, viz., 8.97 inches, which exceeded all previous 
amounts for June since the establishment of the station 
in 1918. 

Vapor pressure departures were of the same sign as 
those for temperature, with the largest departures occur- 
ring at Royal Center. 

Conspicuous in Table 2 is the low relative humidity at 
2,000 and 3,000 meters at San Diego as compared with 
the other stations. This condition is characteristic of 
the southwestern part of the country and is probably a 
consequence of air originating over Mexico. 

A noticeable feature of Table 3 is the southwesterly 
component in the free-air resultant winds over the western 
part of the country as compared with the northwesterly 
component over the eastern section. 


TABLE 2.—Free-air data obtained by airplanes at naval air stations 
during June, 1931 


Temperature (°C.) Relative humidity (%) 
Altitude (meters) 
m. s. |. Pensa-| San | Wash- Pensa-| San | Wash- 
Roads cola, | Diego, | ington, Roads cola, | Diego | ington, 
ra ’|Florida} Calif. | D. C. Va : Florida | Calif, | D. C. 
21.4 | 21.3 71 82 | 65 67 
17.7 19.8 66 71 72 58 
16.5| 17.6 62 62} 62 59 
14.1 12.3 62 61 | 36 57 
9.0 a 62 55 | 27 51 


TABLE 3.—Observations by means of kites, captive and limited 
height sounding balloons during June, 1931 


Broken Royal 
Due West, | Ellendale 4 
Arrow, | Center, 
Okla. 8. C. N. Dak. Ind. 
Mean altitudes (meters), M. S. L., 

reached during month_...___....___- 2, 664 2, 852 3, 387 3, 955 
Maximum altitude (meters), M. 8. L., 

1 4, 039 1 5, 090 15, 197 19, 343 
Number of flights made__........._.._- 27 32 30 33 
Number of days on which flights were 


1 Limited-height sounding balloon observation. 

2 Covers period from June 1 to 7, inclusive, only. 

In addition to the above, there were approximately 180 pilot-balloon observations 
made daily at 60 Weather Bureau stations in the United States. 


TABLE 4.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a. m. (E. S. T.) during June, 1931 


Albuquer- |} Brownsville,| Burlington, —— Chicago, || Cleveland, Dallas, Due West, || Ellendale, Havre, Jackson- || Key West, 
ue, N. Mex. Tex. t. a 873 th. Ohio Tex. 8. C. N. Dak. Mont. ville, Fla. Fla. 
1,528 meters)|| (12 meters) || (132 meters) meters) (198 meters)|| (245 meters) || (154 meters) || (217 meters) || (444 meters) || (762 meters) || (14 meters) || (11 meters) 
Altituee 
(met 
8 b> 8 > 8 b> 8 > > 8 8 > | > 8 > 
° ° ° ° ° ° ° ° ° ° ° ° 
Surface...| N 31 0.6|| 8 42 E/ 1.5]/) S 5 1.0 N 8 Wi2.5i| S 4 S 09! $32 Ei 25 Ww 0. 2) S 20 W| 0.4/| S 68 1.4)| 8 47 Wi0.5/| N 84 EIL8 
..--|} 8 24 9.2!) S 75 Wj 1. ..-|| S 52 S 53 Wi S15 Wi S 79 2.2) S19 Wi 8 76 8 8 Ei4.5 
8 18 Ej} 7.8]) N 33 WI 3. ---|| 89 N 74 2.2)/| S18 7.4)| N 70 Wi 2.4) S847 W) 4.4) S 72 3.2/| N 81 S 80 E/3.4 
819 N 35 Wi 4 .--|| N 86 Wi6. N 77 S 24 W 4. 6), N 64 Wi S 67 4.5], N 89 W 5, 8)) N 35 S 63 E/2.6 
2,000... 8 30 E/ 1.1); 21 N 27 6.2) S 84 Wi4.5 N 78 W/6.4 N 66 W| S 22 3.1!) N 65 4.3) S 63 3.9)| S 83 W| 6.0! N 6 E/2.2)| 27 BIL6 
2,500... 8S 49 W| 2.0/) S 30 3.7/| N 33 Wi 8.3) S 83 N 76 N 60 W| 5.0) S 16 2.7) N 64 4.3) S68 W S72 W 6.3)| N E/2, 2); S15 Ej1.6 
8 78 8 66 2.7/| N 32 N 77 Wi6.2!| N 87 Wi6. N 66 Wi S15 WI N 40 4.5 N 84 W! 5.5] S75 W 7. N 20 9) S 25 E/1.0 
4,000......| 71 W| 61 Ej 1.4/| N 42 Wj 9.4/| N 70 W{7.8]| N 51 N 52 W| N 58 N 44 W 6. N 84 W} S&S 8.2!) N 29 W 2,8); S38 WIL1 
5,000__.___ 8 33 Wi 3.4)| N 7 E/ | .---|| N 85 Ej N 36 W N 82 W 12.0 S 82 W/10.7|| N 38 S 65 Wi1,7 
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TaBLE 4.—Free-air resultant winds (meters per second) based on pilot balloon obseruations made near 7 a. m. (EZ. 8S. T.) during June, 
1981—Continued 


| Salt Lake 
Los Angeles,|| Medford, Memphis, New Or- Oakland Oklahoma Omaha, Phoenix, ; Sault Ste. Seattle, Washing- 
ale | reg. Tenn. leans, La. Calif.’ City, Okla. | Nebr. Ariz. “a Marie, Mich. Wash. ton, D. C, 
(127 meters) || (410 meters) || (145 meters) || (25 meters) || (8 meters) || (392 meters) | (299 meters) || (856 meters) on eters) (198 meters) |} (14 meters) || (10 meters) 
meters 
= il = = | > = | 3 | pe) = | = 
a isi a a a a is} a a a a a oa 
° ° ° ° ° ° | ° | ° ° ° ° ° 
Surface...| S 84 0.6) N 61 0.4/) S 11) N 6 E03) S 78W 1.5) S 1W 2. 2 2.3)| N 84 1.2)) 22 2.3)| S 78 0.8) S 39 N 20 
59 1.2)) N 79 0.5) S 71 W| 3.2)| N 71 N 88 13 6.6) S 5. 4| N 88 W} 0. 8 10 E 1.8 13 W/2.5 N 46 
N 46 W| 0.9) N 88 1.0)! S 85 Wj S 36 Ejl. N 63 W(5.3)) 8 33 W/10.8 S 44 9.0) S 60 1. 8S 56 W 3. 4 29 W)3.2 N 44 W/4.6 
N 53 2.1) S 31 1.0) S 74 Wi S 40 E\2.0)) N 52 8.5) S 50 7.9) 8S 5 Wj) 1.2) 813 E| S 74 3.0 S 42 W)3.9 N 52 Wi5.8 
2,000_..... S 83 S 33 Wi 1.8] 8 79 W) 46) S 70 N 77 W\4.6 § 41 6.5) S57 W 6.0) S 9 3.0) S 4 5.8) S 86 W 3. 6|| 8 41 W/4.6 N 56 W/6.6 
2,500. 2.7) S 51 4.7] S 76 N 88 W)4.1)) S 54 W) 3.8) S 51 Ww) 6. 2) S 4.8) 8 30 6.5 N 82 W 4. 6); 41 6 N 54 Wi6.9 
3,000...... 8 18 S 48 6.0!) S847 3.7] S 74 S 78 S58 2.8) S 49 W) 4.8) S 16 6.4) S 48 W 6.5 N 81 W| S 14 W/4.6)) N 50 W/7.3 
53 W! 6.8 N 12 Zi. @i....-..-- N 55 W! 1.2)| S 71 W| 3.9)| S 29 Wi 7.5 S 45 6.9) N 863 N 22 
| | | 


WEATHER IN THE UNITED STATES 


[Climatological Division, Oliver L. Fassig in Charge] 
THE WEATHER ELEMENTS 
By M. C. BennetrT 


GENERAL SUMMARY 


June as a whole was abnormally warm in the interior 
and Northwestern States, while moderate temperatures 
prevailed in much of the South and Atlantic areas. From 
Oklahoma, Missouri, and Illinois northward and north- 
westward the monthly mean temperature averaged from 
5° to 9° above the normal, the last week being abnormally 
warm, with the highest weekly mean temperatures of 
record for June over large areas. The month was likewise 
abnormally warm along the south Pacific coast, while 
generally moderate temperatures for the season prevailed 
in the north Pacific districts. 

The precipitation for the month was rather unevenly 
distributed, with less than the normal over large areas. 
The Northeast, much of the Lake region, southern Texas, 
and the Rio Grande Valley received generous to heavy 
rainfall for the season, and more than normal was received 
in much of the Pacific region from central California 
northward. Elsewhere the precipitation was below nor- 
mal, especially in portions of the Southeast and North- 
west. From 10 to 25 per cent of normal was recorded in 
northern Alabama and Georgia, eastern Tennessee, and 
portions of the Carolinas, while in portions of southern 
Idaho only about one-tenth of the normal was received. 


TEMPERATURE 


From the beginning of the month until a little after the 
middle the temperature presented no features deserving 
special notice, although in the far Northwest readin 
were usually several degrees higher than normal, while 
comparatively cool weather was noted at times in several 
portions of the eastern half of the country. This tend- 
ency to temperatures below normal was most persistent 
in some parts of the Lake region and in coast districts 
between the Rio Grande and Chesapeake Bay. 

After the 17th marked heat set in over the southern 
Plains and the central valleys and prevailed during the 
remainder of the month, generally increasing in intensity 
and extending until practically all States from the 
Rocky Mountain foothills to the Appalachians were 
under its sway. The Atlantic States were somewhat 
affected by hot weather, yet mainly were not much 
warmer than normal during these final two weeks of 


June, while some districts west of the Continental Divide 
were experiencing cool weather, particularly the north- 
westernmost States, during the last week. 

The month averaged warmer than normal almost 
throughout the country, a few areas near Lake Ontario 
or along the Atlantic or Gulf coast averaging slightly 
cooler than normal, also much of the far Southwest and 
part of the State of Washington. From the northern 
and middle Rocky Mountains eastward to the upper 
Lakes and the lower Ohio Valley the month averaged at 
least 3° above normal, and over the northern half of 
the Plains from 6° to 9° above. The mean temperature 
was the highest of June record at numerous stations in 
the northern and middle Plains and the upper Mississippi 
Valley, while as far to southeastward as Chattanooga, 
Tenn., it was but slightly below the June record. 

The highest marks noted during the last 10 days of 
June became the record temperatures for all Junes at 
many stations in the central part of the country. 

In general, 100° was reached or passed in every State, 
save a few small Northeastern States, while some Central 
Valley States noted marks of 107° to 109°, and South 
Dakota, 115°. The highest mark reported anywhere in 
the country was 119° in Arizona. Usually the highest 
readings occurred during the last three days, but in parts 
of the upper Ohio Valley and Middle Atlantic States, 
also the southern Plains, about the 20th, and in the far 
West on various dates. 

The lowest readings of June varied from 48° in several 
Gulf States to 16° in Oregon, the latter at a high moun- 
tain station. Except in the Pacific and northern Rocky 
Mountain States they usually ocurred during the first 
10 days of the month. 


PRECIPITATION 


In the middle and northern portions of the country 
between the Rocky Mountains and the Mississippi River 
the important rains of June occurred at various times in 
the different States, except the closing week was mainly 
very dry. To eastward the weeks were about equal in 
the matter of rains, when the whole area is considered, 
save the second week which brought little, except in the 
Lake Superior region and close to the Atlantic coast. 

The southeastern and south-central portions of the 
country had generally scanty rainfall compared with 
normal, and what occurred fell mainly during the second 
and third weeks, save that Oklahoma and the Carolina 
coast had moderate supplies during the first week and 
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southwestern Texas had decidedly heavy rains during the 
last week. 

In the Pacific Northwest there was practically no rain 
until the 9th, but afterwards considerable amounts were 
received, the falls about the 16th being especially liberal 
and widespread. The San Joaquin Valley in California 
received considerable rainfall for the time of the year, 
about the 7th. 

Over two-thirds of the States failed to receive their 
June normal amounts of rainfall. The exceptions were 
New Jersey and the New England States, Michigan and 
Wisconsin, and the Pacific States, with Arizona. Massa- 
chusetts received more than twice its normal, on the 
average, Oregon an inch more than normal, and Wash- 
ington over 2 inches more than normal. 

In the States of the western half, which have not been 
accounted for above, there was usually from a half to 
four-fifths of the normal June rainfall, but southern Idaho 
and northern Utah had remarkably little, while the 
middle and lower Rio Grande Valley had more than 
normal. 

In the lower Mississippi Valley and to eastward decided 
shortages were noted, especially in northern Georgia and 
districts adjacent. From Missouri and Iowa eastward 
the quantities were usually not much below normal, and 
they generally exceeded the normal in northwestern 
Indiana and the upper Ohio Valley. 

In western Washington 16.39 inches was measured at 
one station, the largest in the United States proper. In 
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the South, Runge, Tex., measured 12.58 inches, while the 
East was led by 11.33 inches at a station in Putnam 
County, N. Y. 

SNOWFALL 


Scarcely any snowfall was reported from the elevated 
stations of the Western States, save that a few points in 
the Sierra Nevada Mountains had measurable falls. 
It is stated that the northern part of Flathead County, 
Mont., had an unusually heavy June snowstorm on the 
16th and 17th. 


SUNSHINE AND RELATIVE HUMIDITY 


More than the average amount of sunshine was re- 
ceived from the eastern foothills of the Rocky Mountains 
eastward to the Atlantic, except in portions of the Lake 
region, the northern Ohio Valley, the far Northeast, and 
the western Gulf States. More than normal was like- 
wise received in much of California and southeastern 
Oregon. Elsewhere it was generally near the average. 

The relative humidity was above the normal throughout 
portions of the Pacific States, the southern plateau, and 
the southern portion of Texas, the upper Lake region, 
portions of the Ohio Valley and northern Appalachian 
Mountains and the New England States. However, in 
all cases the departures were but slightly above normal. 
Elsewhere the humidity was generally below normal with 
minus departures rather pronounced in the southern 
Appalachian region, the southern portions of the Great 
Plains, and the northern Rocky Mountains. 


SEVERE LOCAL STORMS, JUNE, 1931 


The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement wil] appear in the Annual 
Report of the Chief of Bureau] 


Width of | Loss | Value of 
Place Date Time path, of roperty | Character of sterm Remarks Authority 
yards ! life |destroyed 
Olar (near), 8. 1| 5:30p.m..| 4mi, $65,000 | Hail.............-- Severe crop damage; path, 7 miles. Official, U. 8. Weather 
ureat. 
Billings to Ballantine, 25,000 | Tornadic wind_...| Damage chiefly to oil Do. 
Bridgewater (near), S. Dak_-___- 5:30 p. m__ 500 | Small tornado... Do. 
Grand Rapids (near), Sb Thunderstorms Power and telephone service interrupted; sev- Do. 
eral buildings damaged. 
County, Wis. (south- 4 4,000 | Thundersquall--_-- — damaged or demolished; path, 8 Do. 
ern). miles long. 
Northboro, Iowa (southwest of) _- 875 | Tornado and hail .| Minor damage to property; poultry killed-. ._- Do. 
Waushara County, Wis. (eastern) - 4/11p.m__.. 000 | Thundersquall..__| Buildings Do, 
Apple River, Ill., and vicinity 5 | 12:30 a. m Severe wind.......| Property dam ; several thousand dollars Do 
Decatur County, 5 | 5a. m____- 4, 200 rain and} Buildings and crops damaged; path, 6 miles__- Do. 
oods. 
French (near) to Sedan, N. Mex. 6} 1986-6 plik cee. 1 30,000 | Tornado and hail..| Livestock killed; buildings and orchards Do. 
} mm. wrecked; path, 90 miles long. ; 
Harper Okla. (northern). 4p. Simi, G00 | Damage chiefly to crops; path, 24 miles long-.. Do. 
and Thomas Counties, 5 | 6p. 3) 30, 000 Wheat total loss in places; path, 30 miles long- Do. 
ans. 
Clark County, 3,000 | Wind and hail__._- and crops damaged; path, 12 Do. 
miles long. 
Knox and Cedar Counties, Nebr- 6 | 4p.m_.._.| 65,000 | Farm buildings demolished; crops injured 10 Do. 
 .. cent in places; path, 18 miles long. Do. 
Indiana County, Pa. (central) 6 | 45 p.m... 1, 700 2. 10,000 | Hail and wind_--. orchards and crops Do. 
adly aged. 
— Kans. (5 miles south- 6 | 4:30 p. m__ Dee 5,000 | Small tornado.....| Farm buildings wrecked; path, 900 yards long. Do. 
west). 
Salina, Kans., and 5p. m____. 6 mi. 10,000} Much damage to greenhouses and wheat; Do. 
path, 15 miles long. ‘ 
Linodin, Nebr... 6 | 5:45 p. m__ 80, 000 Chief damage to roofs, windows and green- Do. 
houses; path, 2 miles long. : 
Elk (near), 6 | 6p. m... 3,000 | Tornado and hail.| Farm property damaged; path, 10 miles long _- Do. 
Wilson County, Kans... 14, 000 | Hail... Character of damage not Do. 
Olathe, Kans., and vicinity. 1, , 000 | Hail and wind and oats; trees stripped; Do. 
pa’ miles long. 
6 | 7p. m..... Heavy crop loss; path, 6 miles Do. 
Eureka 6 | 7:30:p. 100 | Small tornado... - Small farm buildings damaged; path 1,300 Do. 
yards long. 
Independence, Kans., and viein- 6 | 8:30 p. m_. 900 |.....- 9000:| Hatkaz............ Greenhouses and fruit damaged; path 1 mile Do. 
on: ind farm buildings D 
reensburg, Pa., vicinity---- 6 | 10p. 880 |....-- everal farm buildings demolished 0. 
Pennsylvania 000 Extensive damage to buildings and other Do. 
and rain. property. 
Evansville, Ind., and vicinity_..- 6 Thunderstorm | Some delay caused by flooding of streets and Do. 
and wind. sewers; other property damaged. 
Missouri (northwestern) ....---- %-4 mi. 75, 000.| Hail, wind, and Orchards and field crops severely damaged; Do. 
| rain. windows broken. 
Mounds, IIl., vicinity_.....-. OF 10,850 | Fruits and vegetables injured 25 to 90 per cent; Do. 
roofs, = tops, and tents pi ; path 5 
miles long. 


1“Mi” signifies miles instead of yards. 


| 


248 MONTHLY WEATHER REVIEW JUNE, 1931 
Severe local storms, June, 1931—Continued 
Width of | Loss} Value of 
Place Date Time path, of roperty | Character of storm Remarks Authority 
yards life |destroyed 
Pennsylvania (South-central) ---- Sidhe das ces p-ettetccaptdo- etna $100, 000 | Electrical, wind, | Buildings unroofed; trees uprooted; stock | Official, U. S. Weather 
and hail. killed. Bureau. 
Frederick and Carroll Counties, -. Several small buildings unroofed; many trees Do. 
and a few poles blown down. 
County, Iowa--._---- 8 | 2am__...- 1, 760 Crops injured; path 4 miles Do. 
Davidson, 8 | 5p. 1, 760 2, 000 Cotton crop injured; path 2 Do. 
Duke (near), Okla. 9 | 6p. 25, 000 Chief damage to crops; path 4 miles long..---- Do. 
Clark County, 10 | 4p. 3 15, 000 Wheat loss 50 to 100 per cent; windows and Do. 
autos damaged; path 10 miles long. 
Reno County, 50, 000 |...-. Farm property severely damaged... Do. 
Union (near), 4 FO. 25, 500 j..... Considerable crop loss; minor property damage_ Do. 
Glasco (near), 1,000 | Small and implement shed wrecked; path Do. 
miles long. 
Concordia to Belleville, Kans--.- BD i Violent wind and | Number of small buildings Do. 
probably small 
tornado. 
Mayfield, Kans., and vicinity...- Wheat total loss; other crops badly injured; Do. 
path 7 miles long. 
Pryor, Okla., and vicinity_.....-- 11 | 2:30 p. m-_. 39,000 Chief damage to crops; path 8 miles Do. 
Rochelle (near), 11 | 4p. Porundo 4 — injured; character of damage not re- Do. 
ported. 
San Saba (near), 11 | 5p. m_._.. Crops damaged; livestock Do. 
Greenville, Commerce, and 11 | 6:45 p. m.- Buildings unroofed; chimneys, poles, and trees Do. 
Cooper, Tex. blown down. 
Princeton (near), 11 | 8:30 p. m_- 1, 000 Wind: and hail___.| Some damage to buildings and Do. 
Boone County, Nebr. (western)... 12 | 3p. m..-_- Considerable crop damage in Do. 
Kossuth County, 12 | 10p. 4,000 Windmills and buildings damaged; path, 6 Do. 
miles long. 
Tupelo (near), Probably tornado_| Crops and trees Do. 
ern). 
Duplin County, N. C. (north- 13 | 5p. m...- 880 |_-.-_- 100, 000 | Hail and wind_._-| Damage chiefly to crops; 4 barns and other Do. 
western). small buildings blown down. 
Albemarle County, Va. (south- 13 | 8:30-11:30 %-6 mi. Fruits, chiefly apples, Do. 
western). p. m. 
Byron, 14 | 3-5 p. m__. 2, 640 10, 000 Peas and tomatoes damaged.__. Do. 
Rush Center "and v icinity, Kans. 14 | 4-5 p. m__- 2 mi. |_----- 10, 000 |_._-- do_........--..| Wheat damaged 40 {hens cent; path, 5 miles long. Do. 
Amarillo, Tex. (east of) 10, 000 do.............| Considerable crop Do. 
Spearman (near), Tex. 14 | 6:30 p. m.. , 000 - Do. 
Rice and Reno Counties, Kans--_-. 14 | 7-9 p. 4 mi. 600,000 Heavy damage to wheat, apples, and Do. 
windows and auto tops pierced; path, 35 
miles long. 
Harvey County, Kans_-.--..-.--- 14 | 9-9:30p.m Pmb. 1s 70, 000 |_-..- do_............| Heavy damage to automobiles, roofs, and Do. 
windows; traffic delayed; path, i2 miles long. 
derstorm. damag' 
off; 2 persons injured. 
Bickleton, 15 | 6:30 p. m.. Grains, shrubbery, and windows Do. 
amage 
Doretta, Mont. 17 | Noon_--.- Considerable damage, character not reported .. Do. 
owa. 
"Counties, tows, and Benton 14, 500 |.---- Buildings and crops damaged Do. 
YSounties, lowa 
Wessington (near), 8. Dak___-.-- 19 | 4:30 p. 880 500 | Tornado and hail._| Farm buildings wrecked Do, 
Davison to Lake County, 8. Dak. 19 | 7p. 12,000 | Wind and hail---- crops and farm Do. 
uildings damaged. 
Kossuth County, 19 | 10 p. 500 | Tornado. Do. 
Mallard (near), — chiefly to farm property; path, 1 mile Do. 
ong. 
Sioux Rapids (near), Iowa__----- 19: Tornado and wind.| Property on 5 farms damaged; path, 5 miles Do. 
ong. 
Hayfield (near), Iowa--_--.----.-- 19 | 10:30 p. m-_}...........- 1 24, 000 |..-.- ee Trees, buildings, and telephone equipment Do. 
ew 4 persons injured; path, 6 miles 
on 
Deerfield (near) to Alta Vista, 70, 000 Buildi s and damaged; live- Do. 
Towa. p.m stock ‘led or in 
Waterloo, 19 | 11:40 p. m- OT 8,000 | not reported; Do. 
path, 2 miles. 
Garwin (near), 1, 200 |..... and trees damaged; path, 6 miles Do. 
ong. 
and Cherokee Counties, 45,000 | Wind and hail_..-| Considerable damage to Do. 
owa. 
Lyndonville and Wilson, N. 00 14,000 | Electrical Several buildings Do. 
Whitehall (near) and Neilsv ille eet Paes ae 3,000 | Thunderstorm and} Several barns and other farm buildings Do. 
(near), Wis. hail. damaged. 
Jerico, Iowa (north of) 13,000 | Tornadoand wind. Buildings and crops damaged; path, 7 miles Do. 
ong. 
Ww Nebr. (4 miles south- 20 | 4p. Crops considerably damaged; path, 1 milelong- Do. 
Cass,Pottawattamie,Shelby, and 208, 000 | Wind and hail_...| Heavy crop loss; buildings Do. 
Humboldt Counties, Iowa. 
Central ~_ southern counties, 20 |...do_... R hedstoccls Severe electrical | Many trees blown down; several barns Do. 
New Yor and wind. wrecked; much to buildings, 
Linn, and Winneshiek Coun- 
ties, Lowa. 
Pocahontas County, lowa__...... 22 | ---| 25,000 ond Do. 
Newton, and vicinity........ 22 | 3:30 p. Number of buildings damaged; poles and trees Do. 
blown down, electric service interrupted; 


fruit and grain crops hurt. 
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Width of | Loss| Value of 
Place Date Time path, of roperty | Character of storm Remarks Authority 
yards life |destroyed 
Marshall County, $14,000 | Wind. Buildings, fruit trees, and crops injured U. &. Weather 
ureau. 
Elgin (nets), Wind and and oats on several farms almost a total Do. 
loss. 
De Kalb County, Ill. (northern) Wind, hail, and | Oats, hay, fruit, and gardens almost total loss Do. 
rain, in a roofs damaged; wire services inter- 
rupted, 
own down 
Evansville, Ind., and vicinity... 30, 000 | Electrical. lines, homes and other buildings Do. 
amag 
own down 
Michigan (straits to southern 26 | 4:30—0 a. Wind, electrical | Many buildings damaged; trees uprooted__- Do. 
boundary). m. and rain. 
Sunbury, and vicinity 10, 000 | Garages and autos wrecked; crops damaged--- Do. 
= wind. Cleveland hardest hit; 1 person injured. 
Kettle Falls, 25, 000 Thunder and hail.| Chief damage to apple Do. 
Thomas to Sedan (near), N. | Considerable damage, character not reported; Do. 
path 15 miles long. 
Rock Wil, 6. AE... 3,000 | Hail and Character of damage not Do. 
tral counties.) 
storms. 
Banker HIB, 30 | 6p. 10,000 | Buildings damaged or wrecked; poles and trees Do. 
blown down; crops flattened; path 5 miles. 
rooted. 
Hernando, Miss., and vicinity--- 3, 000 wind and | Character of damage not Do. 
Literbury, Ill., and vicinity Wind and rain... Do. 


Small buildings and crops damaged; 2 persons 
injured. 


RIVERS AND FLOODS Table of bankful stages in June, 1931 


By Montross W. Hayes 
Above flood Crest 
Many of the rivers in the mid-western and far-western 
States were still at very low stages in June, and in no — pm ty SOAR or 
part of the country were there any river rises of import- 
ance. Heavy rains in northeastern Missouri and south- a a 
ern Kansas overflowed creeks, and caused damage esti- ‘ Feet | Feet 
MISSISSIPPI SYSTEM | 
Upper 3) i Basin. | 
Arkansas Batin. | 
Fountain: Fountain, Colo.---.-..-...-.-- 8 25 251 8&6 25 
GULF OF CALIFORNIA DRAINAGE 
Colorado: Parker, Ariz.................--- 7 1 30 8.0 10-15 
PACIFIC SLOPE DRAINAGE 
Columbia Basin. 
Columbia: Marcus, Wash_.............__- 24 12 16 24.2 13, 14 


| | 
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THE WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


F. A. Youne, Temporarily in Charge, Marine Division 
NORTH ATLANTIC OCEAN 
By F. A. Youne 


With the exception of a tropical disturbance of slight 
intensity and a few local squalls, that will be described 
later, the North Atlantic during the current month was 
unusually free from heavy weather. Up to the time of 
writing only 15 vessels have rendered storm reports, and 
of these only 2 recorded a wind force as high as 10, while 
gales were not reported on more than one day in any 5° 
square. 

There was an intrusion of low pressure over the region 
usually occupied by the North Atlantic high during the 
first 12 days of the month, while from the 13th to the 30th 
this center of action was well developed. 

The number of days on which fog was reported in 
different sections of the ocean is as follows: Over the 
Grand Banks, from 10 to 15 days; along the American 
coast, north of the thirty-fifth parallel, from 12 to 19 days; 
over the northern steamer lanes, between the tenth and 
forty-fifth meridians, from 3 to 5 days; along the European 
coast, from 1 to 9 days. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure at sea level, 8 a. m (seventy-fifth meridian), North Atlantic 
Ocean, June, 1931 


Average | Depar- | High- 
Stations pressure ture est Date | Lowest} Date 
Inches Inch Inches Inches 

Julianehaab, Greenland_...-.- 1 30. 07 (2) 90.48 | 3d....... 29. 64 | 24th. 
Belle Isle, Newfoundland. 29.92; 30.42 | 29.14 | 23d. 
Halifax, Nova 29.92 | 4—0.05 | 30.20 | 26th... 29.60 | 2ist.6 
29.94 | 4—0.06| 30.20 | 22d5 29. 66 | 8th 
30. 02 40.00 | 30.20 | 29. 60 | 8th 
29.99; 4+0.01 30.10 | 29. 88 | 8th.5 
30.03 | *+0.03 | 30.14} 29.88 | 8th 
Cape Gracias, Nicaragua__. - 29.84; 3—0.05 | 29.94 | 2d__._.-- 29. 80 | 28th.5 
30.04 | 4+0.01 30.12 | 18th..... 29.94 | 8th. 
30.05 | *—0.08 | 30.26 | 29. 84 | 29th 
30.15 | ?—0.06 | 030.50 | 22d_..... 29. 62 | 2d.5 
Lerwick, Shetland Islands-- .- 29.92 30.32 | 4th...... 29.35 | 15th 
Valencia, 29.98 | %—0.02] 30.39 | 29th..... 29.49 | 10th 
30.04 | 30.39 | 25th___.. 29. 54 | 13th 


1 Average of 28 observations. 

2 No normal available. 

8 From normals shown on Hydrographic Office Pilot Charts, based on observations at 
Greenwich mean noon, or 7 a. m., seventy-fifth meridian time. 

4 From normals based on 8 a. m. observations. 

5-On other date or dates. 


On the Ist there was a fairly well developed low of 
limited extent, central near 43° N., 25° W., that drifted 
slowly northeastward, decreasing in intensity. From that 
date until the 5th a few vessels in the eastern section of the 
steamer lanes reported winds of force 7 to 9, although 
moderate weather prevailed over the greater part of this 
region, as well as over the remainder of the ocean. 

From the 6th to 8th moderate gales were again reported 
between the forty-fifth meridian and the Azores. On the 
9th one of the most severe disturbances of the month was 
central about 300 miles north of the Bermudas; this moved 


but little during the next 24 hours, and on the 10th mod- 
erate westerly gales were encountered by a number of 
vessels between the fortieth and forty-fifth parallels. 

From the 11th to 13th moderate weather, with com- 
paratively high pressure, was the rule over the greater part 
of we ocean, and no storm reports were received for that 
period. 

On the 14th and 15th an area of low pressure was over 
the steamer lanes, east of the thirtieth meridian, and 
moderate southwesterly gales occurred over a limited 
area. 

From the 16th to 24th there ensued a period of unus- 
ually quiet weather over practically the entire ocean, with 
the exception of a moderate low on the 21st, central near 
43° N., 52° W. 

On the 25th a depression was over the peninsula of 
Yucatan, that afterwards developed into a moderate 
tropical disturbance. On the daily weather map for June 
26 it is stated: ‘‘A disturbance of moderate intensity is 
apparently central in the south-central portion of the 
Gulf of Mexico.”” On the 27th the center of this disturb- 
ance was about 100 miles east-northeast of Brownsville, 
Tex., and on the 28th over the coast of western Texas. 
The Honduran steamship Choluteca was the only vessel 
rendering a report of this storm, as shown in table. 

Charts VIII to X cover the period from the 23d to 
25th, inclusive. Charts VIII and IX give an idea of the 
weather encountered by Messrs. Post and Gatty on the 
first two days of their around-the-world flight, and Chart 
X is drawn to show the conditions on the 25th, when 
Messrs. Hillig and Hoiriis landed in Germany. 

Noies.—British steamship QOlna; captain, P. Skone- 
Rees; observer, Sydney Mitchell, chief officer. Montreal 
to Port Arthur: 

June 19, 1931, from “p m. to 5:30 p.m. A. T. 8.: A heavy elec- 
trical storm; clouds, Ci.-Cu., Cu. and Cu.-Nimb. Continual 
thunder and lightning. Occasional squalls traveling from NW. to 
SE., with an inclination to the southward and SW. This was pre- 
ceded by a remarkable display of waterspouts, as many as five 
being seen at the same time and reforming as quickly as they 
dispersed. Position, between 24° 25’ N., 82° 08’ W., at beginning 
to 24° 25’ N., 82° 20’ W., atend.  ~ 

Greek steamship Okeania; captain, Isadore M. Cari- 
valis; observer, Master. Gibraltar to Baltimore: 

Waterspout, June 4, in 36° 14’ N., 56° 37’ W., 6:30 p. m. ship 
time. Observed waterspout on starboard bow (ship course west) 
3 miles distant. Lasted until 7:30 p.m. Barometer 29.81 (cor- 
rected); clouds Cu.-Nb. from SW., 7 to 10. Air temperature, 66; 
water, 72. 

American steamship San Julian; captain, G. V. Spankie; 
observer, M. Sander, chief mate. From Philadelphia to 
Canal Zone: 

June 29, 3:30 a. m. E. 8. T., in 16° 00’ N., 75° 40’; wind NW., 4. 
Vessel entered very heavy electrical disturbance. Lightning, thun- 
der, and torrential rain; wind calm and variable. At 7 a. m. in 
15° 30’ N., 75° 50’ W., wind SE., 3, then to NE., 3, and calm in 
afternoon. About one hour before entering this, wind had been 


NE., 4, then shifted to NW. When near the center the thunder 
and lightning were almost continuous. 
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OCEAN GALES AND STORMS, JUNE, 1931 
Direc- | Direction | Direc- 
Voyage Time of tion of | and force | tion of | Highest | gnitts of wind 
Vessel Gale lowest Gale ba- wind of wind wind force of near tine of 
began | barom- | ended | »57.| When | at timeof | when | wind and |),.oc¢ barometer 
From— To— Latitude | Longitude eter eter gale lowest gale direction 
began | barometer | ended 
NORTH ATLANTIC 
OCEAN 
Aracataca, Br. S. Rotterdam...| Tela, Hondu-| 39 16 N | 32 20 W | June Noon June 3/ 29.63/ SSW...|SSW, 9|NW-_-..| SSW, SSW-NW. 
ras. 
Ogontz, Am, 8...--... F New Orleans_| 35 20 N | 38 40 W | June 6] Mdt. 6} June 7 | 29.75 | SW....| W, SW-W-WNW. 
pain. 
Cripple Creek, Am. 8. S.| New Orleans_| Liverpool....| 38 47 N | 6442 W | June 9/|2p.9--..| June 9/ 29.48 | E-SE-S. 
Marie Leonhardt, Ger. | New York...) 40 38 N | 60 23 W |...do_-..| — 9--.-. Steady. 
8.8. 
Berlin, Ger. S. S.--.---- Bremerhaven | New York ...| 48 43 N | 22 15 W | June 14} Mdt. June 15 | 29.31 | SSW, 10._.| NW_..| SSW, 10...| SSW-W. 
Nieuw Amsterdam, Du. | 50 43 N | 15 03 W | June 15 | 8a. 29.47 | SSW...| SSW, 8..._.| WSW_.| SSW, 8_...| SSW-WSW. 
Tulsa, Am. Savannah....| Liverpool....| 39 49 N | 53 38 W | June 21 | 2a. 21.-.| June 21 | 29.72 | SSW_..| SSW,8....| SSW__.| SSW,8__._| Steady. 
Choluteca, Hond. S. Baltimore....| Tela, Hondu-| 20 32 N | 85 38 W | June 25 | 74. 25..-| June 25 | 29.59 | SE, 8...... 
ras. 
Okeania, Gr. 8. 89 54 N | 51 12 W | June 24 | Noon 30.02 | SSW__.| SW, 6_---- NW. ‘OW, 8-SW. 
San Tirso, Br. 8. S---..- Minatitlan...| Manchester..| 40 25 N | 55 14 W | June 27 | 3p. 28..| June 28 | 29.71 | WSW-.| S,6---.--- ee SSE, 8__.- 
NORTH PACIFIC 
OCEAN 
Emma Alexander, Am. | San Francisco} Seattle.....-- 41 14 N 124 33 W June 2p.3....| June 3 | 29.98 | NW_..| NW,9_-..| WNW-NW.. 
8.8. 
Iowa, Am, San Francisco) 41 48 N | 157 37 E | June 4 -- June 5 | 29.36 | ENE-_-.| NE,7---.- NW...| WNW,8..| NE-N-NW. 
Paris Maru, Jap. S. Seattle....... Yokohama.-.-| 52 53 N | 149 02 W 29.18 | 3 pts. 
Granville, Pan. M. S.-.-.| Shanghai. -...| San Pedro..-| 45 54 N | 163 30 W | June 10 | 8p.10.--| June 120, 54 | E,8 WNW. WNW,9-.- 
City of Elwood, Am, Honolulu---..| 31 30 N | 154 08 E | June 11 | 58.12...) June 12 | 29.20 | SE_--.-- SW....| 8,8. ......| SE-S. 
M.S. 
Tejon, Am. S. Yokohama...| San Pedro.-.| 42 00 N | 139 00 W — 13....| 13 | 29.37 | NE, 
Golden Tide, Am. S.S...| Hong Kong.-.} San Francisco) 34 24 N | 140 16 E | June 12 |-.-------- June 12 | 29.60 | 8. -.... ESE, ESE-S 
Olympia, Am. S. S..---- 43 16 N | 169 50 W |...do._--| — 13....| June 14 | 129.44 | SE-S-SW 
City of Victoria, Can. | do__-----| 39 48 N | 168 32 W | June 16 | Noon 16.| June 17 | 29.74 | 
8.8. 
Seattle, Am. 8. S_..--.-. Celebes....../..... 39 15 N | 157 55 W | June 22 | 5a. 23...| June 23 | 29.79 | S-SW-W 
Iowan, Am. 8. Los Angeéles..| 16 59 N | 103 16 W | June 23 | 6 a. 29.75 | SSE...) E,8....... E-E 
Blythmoor, Br. 8. S.....| Vancouver...| Panama. ....| 19 48 N | 106 29 W | June 24 | 10p. 24..| June 24 | 29.74 | NW---| SE..... N-E-SE 
1 Barometer uncorrected. 


NORTH PACIFIC OCEAN 
By E. Hurp 

Atmospheric pressure.—During June, 1931, the Aleutian 
Low was slightly deeper than normal for the month, 
especially to the westward of the peninsula of Alaska, 
where also the pressure was lower than in the previous 
month, thus showing an early summer intensification. 
On the average a distinct center of 29.81 inches barometer 
extended from the Gulf of Alaska westward to beyond 
Dutch Harbor. During strongest developments of the 
Low the barometer fell to a minimum of 29.10 inches at 
noe on the 5th, and to 29.02 at Dutch Harbor on the 
15th. 

The North Pacific HiGH covered an extensive area in 
middle latitudes over the eastern half of the ocean 
throughout the month, its eastern extremity lying along 
the coast of the United States except on five or six days, 
when the northern Low intervened by extending unusu- 
ally far southward. Over the western part of the ocean 
in these latitudes pressure was fluctuating and unstable. 
_ The following table gives barometric ‘dite for several 
island and coast stations in west longitudes, including 
Point Barrow on the Arctic Ocean: 


TaBLE 1.— Averages, departures, and extremes of atmospheric pressure 
at sea level, at indicated hours, North Pacific Ocean and adjacent 
waters, June, 1931 


Depar- 
Average | ture 
Stations pressure | from Highest| Date | Lowest | Date 
normal 
Inches Inch Inches Inches 
Point Barrow 29. 99 0.00} 30.20} 8th%....) 29.74] lith 
Dutch Harbor 29.81 | —0.09] 30,26 | 13th..__. 29. 15th 
29.81 | —0.10| 30.16 | ist 29.10 | 5th 
Midway Island 30.04} —0.01 30.16 | 19th$___| 29.74 
30.06 | +0.02] 30.15] 17th.....| 29.93 | 6th 
29.93} —0.08| 30.32} 3d....-.. 29.48 | 2ist 
Tatoosh Island 29.99} —0.06| 30.25 | 4th...... 29.73 | 25th 
an Francisco 4 $______.__._.. 29. 96 0.00} 30.11 | 16th.._.. 29.81 | 4th 
29.92] +0.03| 30.03] 15th.__.. 29. 74 


+P m. observations only used in averages; a. m. and p. m. in extremes: 
For 29 days. 
: And on other date or dates. 
: A. m. and p. m. observations, 
Corrected,to,24-hour mean. 
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Depressions and gales.—June witnessed comparatively 
quiet weather over the entire North Pacific, with an 
absence of tropical storms, as well as of gales exceeding 
9 in force, so far as now indicated by reports. 

In east longitudes, particularly toward the Asiatic coast, 
numerous tropical and extratropical depressions gathered, 
those in lower waters dissipating or moving out of the 
field without much show of energy. In the Japanese area 
only one cyclone of the month is indicated as displaying 
marked strength. This skirted the lower coast of Japan 
and caused gales of force 8 to 9 on the 12th from Kiushu 
Island to southeastern Honshu. 

A depression lying north of Midway Island on June 1 
moved into the Aleutian region on the 2d, and thence 
into the Gulf of Alaska on the 4th and 5th, where isolated 
southerly gales of force 9 were reported near 53° N., 
148° W., } ol the time of greatest intensification of 
cyclonic energy over the northeastern part of the ocean 
for the month. 

From the 11th to 14th a series of gales of force 8 to 9 
was encountered along the northern routes between 
about latitudes 40° and 50° N., longitudes 135° and 170° 
W. These were caused by two depressions, the more 
easterly of which lay south of the Gulf of Alaska for two 
or three days, becoming more and more restricted in 
area until, as a small Low, it entered the Washington- 
Oregon coast on the 15th. The other depression entered 
the Aleutian area from the southwest on the 13th, causing 
fresh gales along its eastern boundary on that date. By 
the 15th, then central in the southern part of the Bering 
Sea, it acquired considerable depth, giving the lowest 
pressure of the month over the central Aleutians, and a 
reported gale of force 9 from the west nearly south of 
Atka Island. 

On the 3d and 4th of the month there was a strong 
northwesterly air current off the American coast between 
Tatoosh Island and Eureka, blowing along the eastern 
edge of the niau and rising in force at times to that of a 
fresh to strong gale. 

In the Mexican coast region, during the prevalence of 
slight depressions over lower and upper Mexico, a fresh 
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easterly gale was experienced on the 23d off Acapulco, a 
moderate gale in the Gulf of Tehuantepec on the 24th, 
and a fresh easterly gale on the same date off central 
Lower California. Aside from these, no gales were re- 
ported from the entire ocean south of the thirtieth parallel. 

Winds at Honolulu.—While there were some southerly 
winds at Honolulu early in June, due to the depression 
then west and northwest of the Hawaiian Islands, the pre- 
vailing direction for the month was east, with the maxi- 
mum velocity, 24 miles from the east, on the 22d. 

Fog.—In the average year fog increases greatly in fre- 
quency and extent over the upper waters of the North 
Pacific, especially along the western part of the routes, 
during June. This year the June percentage of fog was 
slightly less than in the previous May over the region of 
the summer fog bank lying east and southeast of the Kuril 
Islands, except in the 5° square, 43° to 48° N., 155° to 160° 
E., where it occurred on 10 days, or with about its fre- 
quency in the previous month. Along the middle part 
of the upper routes the occurrence was light, but south 
of the Gulf of Alaska, from longitude 150° W. to the 
coast, it was encountered on three to five days in each 5° 
square. The heaviest coastal occurrence was between 
Eureka and San Diego, where it was reported on nine 
days. Farther southward it was met with occasionally 
to Cape San Lucas. In mid-ocean, between 30° and 35° 
N., 165° E. to 165° W., fog was unusually frequent, 
forming here and there along the strip from the 17th to 
the 27th. 

Volcanic phenomena.—The British steamer Narenta was 
in port of San Jose de Guatemala during the day of June 5. 
Mr. C. K. Brown, third officer of the vessel, on this day 
reported: “Volcano Isalco in eruption. Lava flowing 
freely down side like a waterfall. Visible at 50 miles 
through rain.” 

Mr. F. E. Holmes, observer on the American steamer 
Victoria, reported in June (date not given, but between 
the 8th and the 26th): ‘While laying at the dock at False 
Pass, Alaska, latitude 54° 51’ N., longitude 163° 22’ W., 
noted some fine brown sand or lava falling, evidently from 
Volcano Shishaldin.”’ 


BUCKET OBSERVATIONS OF SEA-SURFACE TEMPERA- 
TURES 


By Gites SLtocum 
STRAITS OF FLORIDA AND CARIBBEAN SEA 


The temperatures herein published are the means of 
the average temperatures for the four quarters of the 
month, except that, in the case of the 5° subdivisions of 
the Caribbean Sea, the figures shown are the simple 
means of the observed temperatures with the entire month 
taken asa unit. Table 1 shows the lengths of the quarters 
for each length of month. 

Table 2 shows the average temperature for the Car- 
ribean Sea and the Straits of Florida for June of each 
year from 1919 to 1930, inclusive, and Table 3 summar- 
izes the temperature for the month in the same areas, 
including the departures of the June, 1930, means from 
the 11-year means for June, 1920-1930, and the changes 
we the temperatures for the preceding month of May, 

The chart shows the number of observations taken 
during the month of June, 1930, within each 1° square; 
the mean temperature of the Straits of Florida, and of 
each 5°’ subdivision of the Caribbean Sea; the 11-year 


1 In 3 cases, as indicated on the chart, the observations from small, little traveled, and 
unimportant areas at the outer limits of the Caribbean Sea have been treated as parts of 
contiguous 5° subdivisions, 
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means (1920-1930) for these areas; and the local mean 
time corresponding to Greenwich mean noon, at which 
time the mariners are instructed to make the temperature 
readings. 

June marks the end of what may be called the cool 
season in the Caribbean Sea. From the 1st to about the 
middle of the month, under average conditions, the 
seasonal march of sea-surface temperatures continues to 
exhibit nearly as strong an upward trend as that found in 
May, but this rapid rise does not continue through the 
rest of the month. Instead, it becomes more gradual than 
is found in the first half of June, in the spring weeks, or 
in the latesummer. The Straits of Florida region, hitherto 
cooler than the Caribbean Sea, becomes the warmer of the 
two areas, with the time of the reversal in relative tem- 
a i varying from early June to near the beginning of 

uly. 

In average years within the Straits of Florida, June is 
the month of most rapid rise in temperature during the 
entire year, with the 11 years’ record showing no June as 
cool as the warmest May. 

Comparing the two areas by quarter months, the 
Caribbean has usually been warmer than the Straits 
during the first quarter of June; as often the cooler as 
the warmer during the second quarter, although its 
temperature averages slightly higher for the 11 years; 
cooler than the Straits during the third quarter, with 
exceptions in 1926 and 1930; and at no time warmer 
during the fourth quarter, unless the doubtful case of 
1919, when observations were few, be included. In the 
Straits of Florida the third and fourth quarters of June 
have thus been almost uniformly periods when the sur- 
face water was distinctly warmer there than in the Carib- 
bean Sea, with the result that the Straits show a higher 
mean temperature for the month. 

In June, 1930, the Caribbean Sea was somewhat cooler 
than average east of the seventieth meridian, close to 
the average in the Cuba-Jamaica region and north of the 
eastern Colombia coast, and warmer than the 11 year 
mean over the rest of the sea, with the plus departures 
large in Central American waters. The fourth quarter 
of June was cooler than the third over the region east of 
the seventy-fifth meridian, and in that area west of this 
longitude and south of the fifteenth parallel. For the 
fourth successive month the mean temperature of the 
sea as a whole was somewhat above the seasonal average. 

In the Straits of Florida, June was notably an abnormal 
month. The observational readings for the, first and 
fourth quarters gave computed mean temperatures well 
below the usual values, while those for the second and 
third quarters and for the month as a whole averaged the 
lowest for these periods since records began. 

This coolest June in the Straits area followed a month 
with sea-surface temperatures, within the range of statisti- 
cal possible error arising from limited size of samples, as 
high as in any preceding May, the difference between 
these two months in 1930 being only 0.8°. The smallness 
of this May-to-June range in temperature constitutes 
another record without precedent or near approach. 
The anomaly of this near approach to equality between 
the two monthly temperatures becomes increasingly 
manifest when the 0.8° difference is contrasted with the 
mean range of 2.9° between May and June for the 10- 
year period of 1920 to 1929. 

No theory is offered in explanation for, or in support 
of, a cause-and-effect relation between the cool water in 
June in the Straits of Florida and the 1930 drought. 
The period covered by sea-surface temperature records in 
workable volume includes only a few recent years, and 


Distribution of Greenwich Mean Noon Bucket Observations of Sea-Surface Temperatures, June, 1930 


(Plotted by Giles Slocum) 
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conclusions would be difficult to draw if not quite im- 
possible to verify to any accurate degree. The coinci- 
dence, however, of extreme conditions—low temperature 
in the Straits of Florida surface waters and scanty 
precipitation in the regions receiving ultimately nearly 
all their rainfall from the Gulf of Mexico and western 
North Atlantic sources—is interesting in its implications. 

Dr. C. F. Brook’s analysis of thermograms from the 
condenser-intake of the Henry M. Flagler,’ paralleling in 
every respect, as it does, the results from the Weather 
Bureau records in regard to temperature marches, and 
agreeing with them in absolute values to well within the 
limits of differences to be expected in data not completely 
comparable, lends support to the reality and amplitude 
of the computed temperature anomaly. 


TaBLE 1.—Lengths of ‘‘quarter months”’ used in compuling mean 
sea-surface temperatures 


Days of month included in quarter 
Length of month 
I II iil IV 
1-7 8-14 15-21 22-28 
1-7 8-14 15-21 22-29 


? This ship, a car ferry plying between Key West and Habana, installed thermographic 
equipment in 1928, from the records of which equipment Doctor Brooks made his study. 
Due to lay-overs in dock by the ship, the records were somewhat fragmentary. The 
study was brought to a close with the June 3-9 record in 1930. The periods available for 
comparisons in the present writing were: May 27-June 2, 1929; June 17-23, 1929; May 27- 
June 2, 1930; and June 3-9, 1930. Cf. Charles F. Brooks. Gulf Stream daily thermo- 
grams across the Straits of Florida. MONTHLY WEATHER REVIEW, April, 1930, 58 : 148- 
154; and Charles F. Brooks and Edith M. Fitton. Weekly succession of Gulf Stream 
Temperatures in the Straits of Florida. Ibid July, 1930, 58 : 273-280. 
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TABLE 2.— Mean sea-surface temperatures in the Caribbean Sea and 
the Straits of Florida for June, 1919-1930 


Caribbean Sea Straits of Florida 


Year Number! Mean | Number| Mean 
of obser- | temper- | of obser- | temper- 
vations ature vations ature 
°F. 

169 81.1 54 81.3 
839 81.2 186 81.4 
ERS 658 81.5 147 80. 4 


1 Not used in computations because of insufficient data available. 


TaBLE 3.—Mean sea-surface temperatures (°F.) and number of 
observations, June, 1930 


Caribbean Sea Straits of Florida 
Depar- on Depar- ns 

ture ange ture ange 

Quarter Period co. from from hee from from 
obser’ Mean} 11-year | preced- obser- Mean) 11-year | preced- 

vations mean | ing | vations | mean | ing 
(1920- | month (1920- | month 

1930) 1930) 

658 | 81.5) +0.2|) +0.5 147 | 80.4) —1.2 +0.8 


a: 

4 
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CLIMATOLOGICAL TABLES 


CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with dates 
of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by the 
several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. 

Condensed climatological summary of temperature and precipitation by sections, June, 1931 


Temperature Precipitation 
Monthly extremes = Greatest monthly Least monthly 
Section =3 £3 
= so =s ~ 
a Sa 2 3 = oa 
1A sialala < 
79.9 | +1.7 | 109 28 | St. 2 | 1.49 | —2.91 | 4.67 | Centerville. .......- 0. 17 
76.3 | —0.4 | Gila Bend....._._..- 119 eS eee 25 5 | 0.70 | +0.32 | Canille.............. 3. 58 | 8 stations...........- 0. 00 
7.5 | +2.4 Amity... ........- 107 35 1 | 2.60 | —1.50 | Hot 6.03 | Big Lake Outlet_.... 0. 36 
66.6 | —0.9 | Greenland Ranch_.-.} 116 24 | Ellery Lake... ..._- 16 | 0.77 | +0.46 | Kennett...._...._-_- 3. 88 | 12 stations........... 0. 00 
64.9 | +3.5 | Las Animas. 110 23 4.03 | 0. 05 
80.0 | +0.2 | 109 48 9 | 2.12 | —4.49 | Everglades. 5.25 2 0. 00 
80.4 | +2.5 | 109 | 128, 41 9 | 1.80 | —2.68 | 5.15} Fitzgerald... ......-. 0.01 
63.3 | +2.8 | 103 23 24 | 0.63 | —0. 60 Ranger; 2.82] 0. 00 
tation. 
75.3 | +3.7 | 2stations............| 107 | 129 | 37 1 | 3.17 | —0. 76 7.88 | 
73.9 | +2.7 | 109 34 1 | 3.61 | —0.25 | Royal Center-_..... 1.31 
75.0 | +-5.7 | 106 28 | Estherville. 36 8 | 3.73 | —0.77 | Waukee... 8.11 | Cedar Falls_......_- 1.31 
77.8 | +4.8 |____- 106 | 120) 44 7 | 2.15 | —1.91 | ra 
75. 3 +1.5 | 106 29 | Mount Sterling. 39 2| 2.79 | —1.46 | 5.4 | etations............ 1. 31 
79.7 | —0.4 | Lake Providence. 105 20 | 2 stations............ 48 2 | 2.02 | —2.79 | 5.20 | Logansport.... 0. 00 
Maryland-Delaware...| 70.8 0.0 | Cumberland, Md-_--| 102 20 35 10 | 3.43 | —0.50 | Westminster, Md__-| 5.93 | Cumberland, Md_.-| 1.37 
_ 103 30 20 1 | 3.40 | +0.28 | 
Minnesota-_....-..---- 69.5 | +5.5 | Canby__.-........-- 110 29 28 1} 3.95 | —0.08 | Tower............... 
SER 79.7 | +1.0 | Columbus.-..._...-- 108 30 48 12 | 2.32 | —1.89 | Columbia______.___- 
77.1 | +3.9 | Marble Hill. 107 29 40 11 | 2.94 | —1.93 | 
64.2 | +4.4 110 16 20 24 | 1.34 | —1.20 | 
109 28 | 35 15 | 2.43 | —1.35 | Weeping Water_-_-__- 6.14 | Lyman..............] 0.20 
Ar 67.0 | +1.5 | Clay City.._......_.| 112 11 | Zorra Vista Ranch__| 27 28 | 0.48 | —0.01 | Lewers Ranch---_.__ 1.@ i Setations...........<. 0. 04 
New England_-___.-_- 64.3 | +0.5 | Turners Falls, Mass_| 100 30 | Pittsburg (a), N. H_| 32 22 | 5.45 | +2.07 | Swampscott, Mass._} 10.81 | St. Albans, Vt__-__- 2. 27 
New 69.3 | +1.0 | Newton. 101 | 3 | 4.84 | +0.96 | 7.42 | Bridgeton. 2. 18 
New Merxico--.....-.-- 69.6 | +1.2 | Cambray--........_- 108 20 —_ Ranger Sta-| 25 5 | 0.76 | —0.56 | Quemado-_-_.._.___- 3. 20 | 3 stations............ 0. 00 
on. 
a 65.3 | +0.6 | Dansville___.....__- 100 | - 30 | Indian Lake________ 29 2 | 3.45 | —0.25 | Boyds Corners. ___.- 11.33 | Syracuse............ 1.15 
North Carolina__..- __- 74.0 | +0.2 | Fayetteville..______- 105 29 | Mount Mitchell. 30 9 | 2.55 | —2.24 | Kenansville_...____- 6.62 | Chapel Hill -| 0.54 
North Dakota__.._.._- 68.4 | +5.9 | 2stations....._.____- 110 | 116 | Hansboro_____- 27 7 | 2.35 | —1.10 | McLeod.....___._._- 9.27 | Powers Lak 0.11 
_, == ee. | 70.8 | +1.7 | 4 stations...._......- 101 | 120 | 2stations_... 35 2, 3.58 | —0.25 | Kings Mills________. 6.99 | Gallipolis__ 1. 33 
Oklahoma... .| 79.7 | +2.5 | 106 20 | 41 1 | 2.01 | —1.97 | Cleveland... _.__.___- 0. 18 
60.0 | +0.6 107 30 | 2.31 
68.5 | +0.6 | 102 | 120 | Ridgway..___ 3.71 
South Carolina... 77.8 | +0.4 | Laurens. 106 | 29 | Walhalla. 9 | 2.21 
South Dakota-- 74.4) +8.6 115 28 | 2 stations... 15 | 2.37 
Tennessee... 76.8 | +2.3 | 106 29 | Crossville__ 9 | 1.86 
80.6 | +0.4 | Fort Stockton_._____ 109 2.01 
Utah_. 68.1 | +3.3 | 104 | 124 | Panguitch....__ 2 | 0.25 
SSeS. | 72.3 | +0.8 | Lincolm___..._..___- 103 30 | Burkes Garden. 2 | 3.23 
60.3 | —0.3 | Wahluke.. 107 7 | Paradise Inn___ 2 | 3.66 
West Virginia. | 69.8 | +1.0 | 105 20 | Bayard.....___-. 2 3.24 
Wisconsin... ..........| 69.1 | +4.6 Plum 106 30 | Coddington___.____- 8 | 4.55 Sturgeon 1, 56 
Wyoming. | 63.0) +4.8 2 105 28 | Bedford............. 18 | 1.04 | —0.54 | 3.80 | Thermopolis........ 0. 00 
Alaska 30.8 | —3.0 | Tree | 2| 13| 208] +0.74| 17.11 | Barrow--.... 
| 74.51 +1.3|! Kaanapali...........| 94 18 | Kanalohuluhulu....| 45 19 | 2.84 | —1.93 | Puu Kukui (upper)-} 19.00 | 8 stations__.__ 
| 79.5 | +1.1 96 10 | Guineo Reservoir__.| 49 28 |10.51 | +4.27 | San Lorenzo......... 25.11 | 
1 Other dates also. : 
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TABLE 1.—Climatological data for Weather Bureau stations, June, 1931—Continued 


Elevation of 
instruments 
le 
_\SEISE 
District and station | 
| 
& 
i 
Ohio Valley and Ft. | Ft.| Ft. 
Tennessee 
Chattanooga ---------- 190) 215 
995) 102) 111 
399) 76) 97) 
546) 168) 191 
989} 193) 230) 
525) 188) 234 
Evansville. .....----- 76) 116 
Indianapolis - - - ------- 822) 194) 230 
Royal Center. - ------- 736) 11) 55 
Terre 575; 96) 129 
627; 11] 651 
822) 216} 230) 
899! 137) 173 
1,947, 59) 67 
7| 77 82 
842) 353) 410 
Lower Lake Region | 
_. ..| 767) 247) 280 
Ithaca 836} 741 100 
335) 71) 85 
_..---| 523) 86) 102 
596} 65) 79 
714) 130) 166 
762) 267) 337 
629) 5] 67 
628) 208} 243 
Fort Wayne. - -------- 856) 100} 119 
Upper Lake Region 
612} 54) 60 
Grand Haven- ------ 632 54) 89 
"Grand Rapids - - - --- 707; 244 
668) 64) 99 
Lansing... ------ 878 6| 88 
__| 637) 60] 66 
Marquette 734) 77) 111 
Port Huron __--- _...--| 638] 120 
Sault Sainte Marie....| 614) 11) 52 
Chicago_.....-.-------| 673} 7] 131 
681) 125) 221 
133] 47 
North Dakota 
.. 2. 940} 50) 58 
Bismarck 8] 687 
Devils 1,478) 11} 44 
10) 56 
Grand Forks_--------- 833) 12) 67 
1,878, 41) 48 
Upper Mississippi 
Valley 
Minneapolis - --.----- 918) 102) 208 
St. 837) 114) 149 
La Crosse 
Madison 974; 70° 78 
4 62 
Charles 10) 51 
606} 79 
Des Moines... 861| 51) 99 
700} 81) 96 
614) 64) 78 
609) 11) 45 
Springfield, 636; 5) 191 
568) 265) 303 
Missouri Valley 
Columbia, Mo........| 784| 6] 84 
Kansas City___..____- 963) 161) 181 
967) 11) 49 
Springfield, Mo_-_____|1, 324) 98} 104 
.---| 984) 11 
987; 92) 107 
1,189} 11) 81 
Omaha___._- 105) 115} 122) 
2,598} 47| 54 
Sioux City 1,135) 94) 164 
59) 74 
1,572) 70} 75 
49) 57 
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> | Total snowfall 
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if 
Precipitation 
4 °F. | Miles | | 
| 74.8) +2.0 | | 8 | 
65) 58) 54! 4) 4,045) sw. Billin 
: 65, 59) 59) 6) 6 3, 367) n. Havri 
— 62| 58 5| 4,347| sw. Heler 
67, 62\ 63! 7 4,461) nw. Kalis 
9| 6, 548] sw. Miles 
7 67; 63} 68) 10) 4, 790} s. Rapi 
68} 64) 65) 10) s. Chey 
gh 65) 59) 61 9| s. Land 
10) 8. Sheri 
67; 62) 67) 10 s. Yello 
66; 61) 69) 13 sw. Nort! 
63) 58] 64) 7 8. 
64, 59) 63 11 sw. 
60) 57 73| 13} nw. Deny 
64) 59) 68) 11 nw. Pueb 
61) 75 | 10 n. 
| | 0.6 +0.9 | 69 | | Wiet 
| Okla 
29. 17 47 | 30) 58 70 8| 7,712) sw. | 13) 10 
29. 49) 75| 41 12) 4, 435) sw. | 10] 11 
29. 78| 42 41| 59| 68 10) 4, 913) nw. | 9} 14 Abil 
= . 29. 61) 72) 47 30} 58 | 71 10| 4,500) w. 9} 10 Ama 
29. 44) 77| 48 29] 59) 64 8| 4, sw. | 12) 12 Del | 
29. 36| 77| 45 9| 4,011) nw. 14} 10 Rosy 
29. 24| 76| 46 28| 62 75 8| 6,072) nw. 15] 10 3 
29. 19| 76| 50 29} 61 67 8| 6, 350) n. 9] 13 
29, 34| 79| 45 | 11] 4, 125] e. 6| 15 EIP 
29. 33 79| 47 32| 62 | 11] 6, 682) e. | 14 Albt 
‘ 29. 09 | 82) 45 | 28) 64 | 9} 5,033) sw. 8} 15 Sant 
29. 23 79| 46 34) 61 9) 5, 168) sw. ll} 14 Flag 
| Phot 
65.5 | 73 5. Inde 
| | 54] 75 Ren 
57) 71 se. Ton 
: 58) 65 se. Win 
60} 78 Salt 
= | 57; 76 s. 
52) 70 s. ] 
} 55) 71 8. 
51| 73 se. Bak 
60; 70 8. Bois 
a | 58) 71 8. Lew 
= 57| 70 se. Poe 
: 12 51) 79 ne. Spo 
Wa 
58 Yak 
—.05 56| 64 —1.3| 12} 5,090] s. | 24/e. | 7} 14 
—.04 52| 59 | —1.7| 5,959] e. 34] e. 21) 12) 12 
| —. 03) | 51) 61 } —1.0) 12) 6,066) ne. 31] nw. | 27| 8] 12 Nor 
—0.9) 10) 8,206) ne. | 48) mw. | 21) 7] 15 Por 
82| —. 04 46| 50 —2.2| 5,458} se. | w. 28) 141 10 Tat 
| 
e 
75.8) +5.3 66 Po 
Rot 
44] nw. | 19} 11 x 
62| 72 15] nw. | 19) 8] 12 
I 64; 60) 70 40} ne. 15] 11) 8 Eu 
{ 25) se. 3} 9} 11 Re 
66| 62| 68 nw. | 19} 14) 10 Sac 
66] 61| 62 34| sw. |. 11] 12) 10 Sar 
68| 67 361 nw. | 19] 15] 9 Sal 
66; 62) 67 21) n. 22) 12) 6 < 
i 68] 67 24} nw. | 7| 13) 8 
69} 64| 64 34] n. 7 7| 13 
67} 63] 68 19] ne. 5} 14] 11 Fr 
67| 62| 62 36| nw. 7| 10} 10 Lo 
| 26| nw. | 13] 13) 11 Sa 
: 68] 63) 60 39] n. 4; 16| 13 
— 46.7 | 60 | | Sa 
+5. 88] 49 23] nw. 7| 15 | 
: +6. 1/101) 57] 25) 68| 62| 58 35] sw. 5| 19) Ba 
_.--..| 78.2] +4. 8] 89] 55) 68! 30] ne. | 18 Fa 
78.4} +7. 0|101 89] 51) fl 67| 68] 63) 64 34) n. 12 Ju 
; 79.0) +7. 51) 69] 30) 67| 62) 61 38| nw. | 20} -18 
— 75.4| +8. 89] 45] 62) 62] 55) 56 sw. | 17) 9| 
77. 2| +7. 88| 46) 67| 31] 66| 61) 62 441 nw. | 19) 11 He 
78.01 49. 89] 47] 29! se. | 3] 14) 
4 
| 


at Ol month 


JUNE, 1931 MONTHLY WEATHER REVIEW 257 
TaBLE 1.—Climatological data for Weather Bureau stations, June, 1931—Continued 
Elevation of a 
instruments Pressure Temperature of the air 8 ws 2 Precipitation Wind = ga 
Ft. | In. | In. | In. | OF, °F) °F) °F) In. | Im. Miles 0-10| In. | In. 
Northern Slope 67.0) +5.5 2| 1.46] 9.9 5.1 
2,505} 11) 67) 27. 27| 29.86/+-0.01| 67.4] +5. 4/100] 26] 81! 42) 5] 54! 46 53| 42 1.33; —1.5| 6, 353) sw sw 27; 16 8] 0.0) 0.0 
4,124) 89) 113] 25.76] 29.87; —.01) 63.6) +4. 4) 94] 26] 76) 41) 51 50} 39) 48) 1.67) —0.7| 13] 5,190] sw. | 32] sw 5) 9] 68! 9.0] 0.0 
2,973) 48) 56) 26.88) 29.88} —. 01) 61.0) +3. 3] 86) 7] 74) 38] 30! 48} 34] 49] 40) 52) 1.46 11| 4,156] nw. | 39] sw 16} 17] 6.4) 0.0] 0.0 
Miles City...........- 2,371, 48) 55) 27.36] 29.85) 72.5} +6. 5/107] 16] 5| 60| 58} 46) 47] 1.35 —1.3| 6) 4,257] ne 34) nw 30} 11) 16] 3) 4.3) 0.0) 6.0 
Rapid 3,259 50) 58} 26. 53) 20.85) 72. 5) +8. 3/105) 28) 85] 50) 26] 60) 59} 49| 48) 1.97; 4’ 9901 w 30) nw 6| 13) 13) 4.2) 0.0 
Cheyenne... ...-....... 6, 84) 101) 24. 04) 29.86) +. 02} 65. 6). +5. 2) 91) 28 43] 52) 32) 52) 44) 53] 1.60 —0.1) 10! 6,287] w 39| s 21) 10) 14) 5.1) 0.0) 0.0 
5,372 60} 68) 24.63) 29.85) 00) 66.4) +5. 9) 92) 15] 81) 41/ 18] 51] 52} 41) 48] 0.44; 9 7] 3 3, 554! sw 37| sw 15} 11) 4} 4.0) 0.0] 0.0 
3,790 10) 47) 26.03) Ci. 101) 28} 83) 42) 7) 52) 50} 56) 47) 55) 0.91) —1.1) 10) 2,380] nw. | 22] nw. | 24) 5.1 0.0! 0.0 
Yellowstone Park. 6,241 11) 29. 89) +-.03) 58.1) +2. 1) 83] 25] 39] 12 39|----|----| 54) 1.27] —0.6| 5, 285] sw sw 23; 17] 0.0) 0.0 
Northe 2,821) 11) 51) 26,99) 29.83; —. 03) 75.51 +8. 0/101! 27| 891 43) 7] 62| 37 63) 2.65; —0.6| 4,803] s 29| nw 1] 14! 10} 4.31 0.0) 0.0 
Middle Slope 16.7) +4.9 53) 1,68] —1,6 3.7 
5, 292, 106) 113) 24.74) 29.87) +. 03) 71.3] +5. 0] 96] 28] 50] 11| 59] 32] 55] 44] 46] 0.62) 10| 4, 457| s. 25) n 27| 10) 15} 5) 5.0] 0.0] 0.0 
4, 685) 25. 28} 29.84) -+. 01) 74.6) +5. 6) 98) 27} 90] 49] 59} 38) 55) 43) 42] 0.60} —0.8| 4.350] nw. | 26) sw 30} 11) 18} 1| 4.0} 0.0] 0.0 
1,392 50} 28. 45) 29. 88) —. 02) 79.0; +6.0/100] 27| 90} 55} 8| 68} 33) 67} 60} 0.58] —3.8| 21 5, 507| s. 32] s 10} 19) 6} 5) 3.5) 0.0) 0.0 
Dodge City. 2, 509) 88) 100) 27. 36) 29.89) +. 02| 77.41 +4. 9} 97] 26] 90] 53) 1) 65} 64] 57] 54) 1.46] 3) 9) 188] sw. | 10) 22) 7} 1) 2.1) 0.0/0.0 
1, 358) 139 158) 28. 50) 29. —. 01) 77.8, +3. 96| 27] 88} 68] 67| 61 5.50| +1.1/ 7| 8,677 s. | 10| 17, 8| 3.5) 0.0) 0.0 
Oklahoma City--.---- 1,214) 10) 47) 28.67) 29.91) . 00) 80. 6} +-4. 6/100) 27| 92} 54] 1) 70] 31] 68} 62; 59} 1.34] 93) 5 6, 346] s. 25| n 5] 14) 12] 4/ 4.2) 0.0] 0.0 
Southern Slope 79.5] +1.6 56) 1.70] | 4.0 
1, 738] 10} 52) 28. 15) 29. 91) +. 03) 82. 1] +2. 99] 11) 94) 58} 70) 32] 67] 60} 55) 1.22] 1.8) 7,054] s. 34) sw 12} 9 12} 5.1) 0.0) 0.0 
3, 676, 10) 49) 26. 26) 29.88) +. 03] 77.8] +5. 0/101) 19] 91) 10) 64} 36] 62 53] 0.69} —2.2} 4} 6, 320] se 26) e. 21; 1) 2.8! 0.0 
944) 64) 71) 28. 91) 29.87) +. 02) 80.8) —2.6) 96] 16) 91} 58) 1/71] 27| 71) 67| 69] 3.981 41.4) 7 5, 930] se 32} nw. | 9} 16] 5) 5.2) 0.0) 0.0 i 
3, 566; 75) 85) 26.34) 29.85) +. 05) 77.4] +1. 1/101] 19] 92) 55) 2| 63] 49 49) 46) 0.93} —0.7| 7| 5, 251] se 29| ne. 5} 18, 11) 1) 2.9) 0.0) 0.0 
Southern Plateau 75.6) +1,4 36) 0.57) +0.2 3.0 
3, 152) 26. 14) 29.81) +. 06) 81.8] +2. 2/102] 20] 58] 3] 69] 59] 43] 31] 1.34 +0.8} 6) 5, 530} e. 44) sw. 3] 21) 9} 2.1) 0.0] 0.60 
51] 66) 25.05] 29. 79].____- 26; 89} 48) 10) 58) 40) 55} 40) 36) 09.53) 4) 3, 456] sw 20! e. 15} 12' 12} 4.2) 0.0) 0.0 
7,013) 38) 53) 23. 32} 29. 82) +. 01} 67.4) +2. 6} 89] 24] 80} 41] 10) 54) 35] 50! 37| 0.85] —0.2| 4) 3:747| sw. | ais. 21) 11) 14) § 4.0) 0.0) 0.0 : 
| 6,907; 10} 59} 23. 40) 29.84) +. 06) 59.8! +0. 5| 86] 27| 76| 35} 44) 46/....| 50] 0.96, 7| 5,524] sw. | 25] s. 8} 10; 12) 8|----| 0.0) 0.0 
1, 108) 10} 107) 28. 64) 29. 76) +. 02} 87.0) +2. 5/110] 26/101] 62} 9| 73) 38} 61| 42} 25! 0.02) 0.0| 3, 7801 e. 22) e. 29| 20) 6] 0.0 
141) 9) 54) 29. 63) 29.77) +. 03) 85.5) +0. 8/112} 27/101] 61| 17| 70] 40} 65} 51) 38} T. | 3,360] w. 17] s. 4) 23; 7} 0) 1.6) 0.0) 0.0 
Independence. 8,957) 27/ 25. 88) 29. 84) +. 06] 71.8} —0. 5] 97] 24) 87] 47| 6] 57} 40) 52/----|----| 0.62} ----| 19} 7] 0.0] 0.0 
Middle Plateau 69, 0) +3.9 34/ 0.37] —0,1 
4,532 74) 81) 25, 43) 29.85) —. 01) 63.9] +2.9| 91) 79] 35/17] 48] 44] 48| 36) 44 0.40} +0.1) 4,990] w. 27| w 14, 17; 8} 5) 3.4 0.0) 0.0 
_ 18 88] 24] 78] 42 17] 56| 32) 48} 34] 0.95) 
4,344, 18) 56) 25. 56) 29.87; —. 01) 67.0) +4. 2} 93] 25] 83) 39] 17| 51) 43 33) 36) 0.69) 0.0} 2) 4,770] sw. | 27; nw. | 16 10) 4 3.5 0.0} 0.8 
5,473; 10) 43) 24. 59) 29.81) —.01) 65.0) +1.7 24) 82) 41) 8) 48) 41) 47) 30) 33) 0.18} 3! 8,742] sw 47| sw 16; 14, 12; 4) 3.7) 0.0) 0.0 
Salt Lake City_.___._- 4, 360, 163) 203) 25. 54) 29.81) —. 73.6] +6. 2} 96| 27| 51) 17| 62) 54] 38] 31] 0.33; —0.5| 3) 5, 5881 s. 37| ne 11! 12) 7| 4.2) 0.0! 0.0 
Grand 4,602 60) 68) 25.33) 23.83} 75.7| +4. 3] 97] 24] 89} 53! 62) 36) 54] 35 0. 26} —0.1) 4, 700) se 28| s 28] 13) 4.3) 0.0) 0.0 
Northern Plateau 66. 0) +2.0 0,89} —0,2 5.5 
3,471| 48 26. 42 29.97} +. 02) 59.4) +0.8) 91) 73) 35) 30) 46) 43] 49} 39) 54] 0.721 —0.6| 3,287| n 17) s. 11] 12) 6.0! 0.0] 0.0 
2, 79) 27. 08) 29.89] —. 02) 68.2} +2. 9) 96] 26] 82) 42) 30| 41) 52! 39] 42) 0.12] 4| 3,306| nw. | 22 nw. | 15] 10) 12) 8 5.0] 0.0] 0.0 
Lewiston.._........... 757) 40) 48) 29. 12) 29.92) —. 02) 68.6] +2. 0/100} 82| 48) 30] 55) 1.48] 0.0] 2.408] e. 21| nw. 1} 12) 6.3] 0.0) 0.0 
4, 477 25. 43] 29. 85) —. 02) 68.6) +6. 4) 93) 82) 45) 18] 55) 39] 51} 38] 39] 0.09] —1.0| 2] 4,843] se. 41! sw. | 16] 19) 4.8) 0.0) 0.0 
1, 929) 101) 110) 27. 91) 29.93) —. 01} 63.9} +1. 1) 95] 7| 75| 43! 28) 53} 39] 51] 41] 50! 0.87| 41441 s. 22} sw. | 13] 5.9} 0.0] 0.0 
Walla Walla. 991) 65) 28.87} 29.93) —. 03) 67.2) +0.7 7| 78] 48) 28] 56} 39} 54) 43) 47) 2.01) 12) 2,832] w. 14| w. 2} 8} 11) 5.3! 0.0) 0.0 
1,076} 58| 67| 28.79] 29. 66. 2} —0. 2/100) 7 54) 35) 53) 41) 47) 0.91] +0.3] 3,844/ nw. | 22! nw. 13} 6} 11) 5.3) 0.0] 0.0 
~~ 50,3) +0,9 14) 4.40) +0.3 6.4 
North 211) 11) 56) 29.80} 30.03) +. 04] 55.8) +1.0| 66] 5| 60] 48 4) 52) 16 53] 52} 90] 6.021 +3.7] 19] 8, 966) n. 55} s. 25) 3) 10) 17| 7.3] 0.0) 0.0 
Port 29) 80. 04)...... 80} 5} 62) 42) 2) 48) ----| 3.35] +2.5] 16) 3,317] sw. | 21] w. 1} 8 7 15)---.| 0.0) 0.0 
125) 215) 250) 29. 86] 29.99) —.01) 59. 6) +0.6| 86} 6] 67| 46 52) 30) 53) 70| 16] 1791 s. 28| w. 4| 14) 12) 6.6] 0.0) 0.0 
194) 172) 201) 29.81) 30.01) —. 02} 60.0) +1.3) 85) 6) 68} 47, 3] 52) 3.84) +2.4] 15] 4,910] n. 23] w. 26| 16] 10| 6.5] 0.0 
Tatoosh Island_-.....-| 86, 29.90} 30.00] —. 02) 54.4) +1. 4] 69] 6| 58| 50| 19] 52) 88! 6.99 +3.8} 17] 6,853} sw. | 35) e. 13} 6| 7.0! 0.0) 0.0 
1,329} 29) 58) 28. 57] 29. 63. 93) 5) 77) 42) 3) 51) 43) 53) 44) 60) 3.491 +2.8) 9] 4,158] nw. | 24 nw. | 221 12) 7] 11 5.4) 0.01 00 
Portland, 153) 68) 106) 29. 84} 30.00) —. 04) 63.6] +1. 2) 91] 6] 47) 3] 32] 56| 68| 3.13] 41.6] 16] 3.2961 nw. | 20 w. 28} 7| 6) 17| 6.8] 0.0/0.0 
75} 99) 29. 46} 30.01) —. 02, 62.2; —0. 3} 92} 5| 74) 42 29] 50] 43] 54, 48] 66, 5.02] +3.91 9 2, 616) n. 22; sw. | 25) 13] 9) 4.9) 0.0; 0.0 
Middle Pacific Coast 
Region 65.9) +1.5 66} 0,60) +0.3 3.7 
62} 73: 30.00’ 30.07] +. 02) 57.3] +3. 0) 15° 48. 12 18 51) 83) 1.33) +0.6: 6] 4,558! n. 27| nw. | 29) 12) 8} 10) 0.9) 0.0 
330} 58] 29. 29.88 75. 0} +-0. 2/101) 25| 88} 55) 2) 62) 35) 46] 43) 0.99] +0.5| 3) 4,327) s, 24! se. 5} 15) 11) 4) 3.9] 0.0) 0.0 
Sacramento... 69) 106) 117) 29.82, 29.90} +. 01) 69.8) +0. 4)100} 25) 83} 50) 3| 56) +0.11 3) 5, s. 26| sw. 5] 25, 3} 21.6 0.0) 0.0 
San 155| 208) 243] 29.80! 29. 96 62. 0} +3. 5 84) 25) 68} 52) 4) 56) 24) 55) 52} 74) 0.32] +0.1) 3] 5,753| sw. | nw. | 10 12) 4.5 0.0} 0.0 
141) 12) 110) 29.83) 29,981... __ 65. 6} +0. 6) 94) 25) 77) 47; 28) 54) 0.07] 3] 4, 426) nw. | 24) sw. 5} 18} 9} 33.1) 0.0) 0.0 
— 71.0) +2.3 63| 0,38] +0.3 
89 29. 54! 29.89] +. 04 2. 0/103) 25) 88} 54) 3) 60) 34) 58) 46 46; 1.12) -+1.0| 3) 5,991/ nw. | nw. | 13] 19! 8| 2.8! 0.0) 0.0 
Los 159) 191) 29. 56) 29. 92) +. 02} 70. 5| +4. 1) 96] 25| 79]. 57| 3| 28] 61] 56| 66] 0.02] —0.1/ 2.963! sw 17| nw. | 25] 13) 14} 3] 3.6} 0.0) 0.0 
San 87} 62| 70} 29.83) 29, 92) 7| +4. 8) 96] 24) 74} 59 63} 63} 60) 78) 0.01} 0.0) 1) 3,911) sw w 21] 15 9} 6) 4.2) 0.0) 0.0 
West Indies 
San Juan, P. 82} 9} 54] 29.90) 29.99)... __ 81.1) +1.4 ol 11) 86} 73) 76] 9.45] +4.2] 16] 6, 444) e. 27| n. 12} 4} 15] 11] 6.4) 0.6) 0.0 
Panama Canal 
Balboa Heights______- 118} 6} 129. 84] +. 02} 80.4) +0.3} 91] 7] 86 12) 75; 189) 7.81) —0.2} 22) 3,465] nw. | 25) nw. | 12] 2918.5) 0.01 0.0 
6} 129, 84) +. 01] 82. 5) +2. 1] 91] 24) 88! 76] 27| 15] 76) 1 9. 26) —4.4] 22) 4, 187! se. 22] nw. 1} 0} 25) 9.0) 0.6) 0.0 
Alaska 
455] 44/229.31/229. 82] 56. 82] 17| 69} 32] 3) 44) 36] 48| 41) 63) 9} 2,991] sw. | 20) nw. | 11] 19} 816.01 1.21 0.0 
80} 11 84229. 93 7) 16| 62) 39) 1| 47 49 14] 3, 086! s. 15} se. 22; 6 9} 15) 6.8} 0.0) 0.0 
Hawaiian Islands 
38] 86 100)? 30. 02,230. 06 77.6) +1.0) 84) 9) 82} 69) 73) 13] 70| 67) 72| 0.18] —0.7| 8] 6,204) e. e. 22] 16 13} 1) 3.8} 0.0) 0.0 
1 Observations taken bihourly. 2 Pressure not reduced to mean of 24 hours. : 


Nore.—The data for Table 2, not having been received in time from the Canadian Meteorological Service, will be published in the July Review.— Ed. 
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